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FOREWORD 


Thi . a volume describes the major achievements of Parts 1 and 2 of the study 
titled "Development of Deployable Structures for Large Space Platform 
Systems." An executive summary of the Part l and 2 study is presented in 
Volume I, SSD 83-0094-1. An appendix containing the developed design drawings 
and supporting stress analysis is contained in Volume III, SSD 83-0094-3. 

This study was managed by Marshall Space Flight Center (MSFC) and was 
performed by the Shuttle Integration and Satellite Systems Division personnel 
of Rockwell International Corporation located at Downey and Seal Beach, 

California. The study COR was Mr. Erich E. Engier. The study manager was Mr. 

H. Stanley Greenberg. 

The Part 1 stuay was initiated on October 16, 1981 and was completed nine 
months later on July 16, 1982. The Part 2 study was started August 6, 1982 
and was completed fourteen months later on October 7, 1983. 

The major contributors to this study are listed below: 

o Design - R. Hart (Lead, Part 1) 

R. Barbour (Lead, Parc 2) 

B. Mahr 
A. Perry 
J. Keech 
W. Wiley 

C. Lang 
G. Buhler 
P. Buck 
T. Clegg 

o Stress Analysis - G. Lesieutre j 

W. Bateman ' 

o Thermal Analysis - T. Tysor j 

o Materials Analysis - R. Long ; 

C. Brownfield ? 

t 

o Mass Properties - C. Griesinger J 

W. Morgan 1 

o Electrical Power/Date Management - A, Gordon 

1 

o Electrical Utilities Integration - A. LeFever i 

o Guidance and Control - R. Olgevie 

o Technology Development - A. M. Pope 
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INTRODUCTION 


This volume describe* the major achievement* of the Part* 1 and 2 study 
activities related to deployable structure* for large space platforms. These 
activities included development of a building-block design for the automatic 
construction of deployable platform* such as thoje shown in Figure 1, and the 
development of deployable volumes for manned modules and OTV hangars identi- 
fied for potential Space Station configurations. 

Since the recent accomplishments of Part 2 are of greater interest to the 
large space structures community the Part 2 study accomplishments are pre- 
sented first. 

The preponderance of the study effort was devoted toward the deployable 
platform systems study which has culminated (Part 2 ) in a "fabrication ready" 
detailed design of a ground test article for future development testing. This 
design is representative of a prototype square-truss, single-fold building- 
block design that can construct deployable platform structures in the manner 
suggested in Figure 2. 

This prototype design was selected (Part 1) through a comprehensive and 
traceable selection process applied ro eight competitive designs. The 
selection process compared r he competitive designs according to seven major 
selection criteria, i.e., design versatility, cost, thermal stability, 
meteoroid impact susceptibility, reliability, performance predictability, and 
orbiter integration suitability. 

In support of the foregoing, a materials data base, and the development 
needs for platform systems technology were established (Part 1). 

In the deployable volumes study an electable design of an OTV hangar ua*s 
selected (Part 2 ) and recommended for further design development. This design 
was selected from five study-developed competitive single and double-fold 
designs including hard-shell and inflatable designs. Also, two deployable 
manned module configurations, i.e., a hard-shell and an inflatable design were 
each developed (Part 2) to the same requirements as the composite of two Space 
Station baseline manned modules. For each of these deployable module designs, 
atmospheric sealing suitability was of sufficient concern to offset the 
potential launch cost savings. Hence, no further activity was recommended 
pertinent to deployable manned modules. 
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1. DEPLOYABLE PLATFORM SYSTEMS 




1.1 DESIGN EVOLUTION 

1.1.1 Part 1 Selected Design 

The Parc 2 study acciviciea ware directed coward Che esCabliahment ot a 
detailed deaign of a ground teoc article chat ia repreaentaCivc of che Part 1 
•elected deaign (Figure 1.1—1). 

At thia atage of development the deployment mec' ini am waa not defined but 
viaualized to be a reciprocating deaign requiring guide raila to maintain root 
atrength during deployment. The potential problema of auch a deaign were 
recognized during the Part 1 atudy efforta toward constructing and deploying 
the generic platforma with each of the competitive building block concepts. 

The potential problem associated with the uae of guide raila ariaea during 
exteuaion of a truaa which haa a payload or module aufficiently wide that tne 
guide raila cannot straddle the module (Figure 1.1-2) and, therefore, cannot 
be unfolded until the truaa haa extended and moved the large payload out of 
the way. Obviously, if che guide raila are not in poaition when Che truaa/ 
payload ia moving, there ia no root atrength developed. While aeveral 
•olutiona to minimize thia problem were established during the Part 1 atudy, 
the mechanism deaign eatab 1 '.shed in Part 2 was developed to completely avoid 
chis problem. 

1.1.2 NASA/MSFC Requirement a 

The design development was also directed to satisfy the NASA/MSFC 
requirements derived from the McDonnell Douglas SASP atudy (Reference 1), 

The test article configuration was to proximate the SASP deployable structure 
configuration shown in Figure 1.1-3. Further, the following additional 
requirements were stipulated by NASA/MSFC. 

o Provide automatic retraction in addition to deployme-.t 

o Use 1.4 m x 1.4 m truss cross section 

o Provide mounting for two 3636 kg simulated payload carriers at each of 
2 stations each having an attachment bolt pattern of 1.09 m x 1.31 m 
(43 x 51.5 in.) 

o Provide a design with a minimum natural frequency of 0.10 Hz 

o Provide a design that can sustain a 0.04 g load factor applied at the 

c.g. of one payload at each station. 

o Provide trays in two bays to accommodate four No. 1/0 cables, two No. 8 

AWG, four No. 12 AWG, twenty No. 22 twisted pair‘d shielded, and four 

each coax lines. 
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The requirement to mount the 3636 kg (8000 lb) simulated peyloed carriers 
et two ata^.ions wee satisfied by using the housing u one of the bases with 
the deployable truss providing the second base. This solution is cheaper than 
plac ng both bases on the deployable tiuss and represents the reality of 
potential platform systems, wherein payloads or mejor subsystems will be 
mounted onto the housing. With the payload carriers placed as described, the 
test article was then designed to be supported, during ground testing, by an 
end adapter at thi. end opposite the main housing. 

1.1.3 Major goals and Design Philosophy 

The major goals and design philosophy to be used in the development of the 
test article were agreed upon between NaSA/MSFC and Rockwell. The major goal 
and design philosophy are as follows: 

Major Goal : To design the structure and mechanism to suppo *t demon- 

stration of the suitability of the prototype building-block design to 
automatically deploy and retract, to have predictable dynamic behavior, and 
lastly to sustain specified limit loads. 

Design Philosophy : Minimum test article cost with minimal to no 

compromise of the major goals delineated above. 

Major Design Implications : 

o Members of the tru s& and joints are aluminum and steel (composite 
designs to be developed later). 

o Test article will be a representative design, but not an optimum design. 

o hear minimum weight approach to structural design only when sensitive 
to structural performance otnerwiae coat governs. 

o Design for NASA /MSP C test facility environment i.e., no provision for 
in-space environmental requirements on lubricants, materials, or 
positioning equipment. 

o Positioning system components are not designed for orbiter launch 
survival 

o Trays to be provided for future utilities integration and to 

accommodate electrical lines with standard insulation and fluid bellows 
(uninsulated) . 

The foregoing directed the test article configuration and detailed design 
to that described herein and by the top assembly and detailed design drawings 
contained in the appendix of Volume III. 
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1.2 SUMMARY OF TEST ARTICLE DESIGN 


A summary of Che test article design is provided herein. The CesC article 
design is described in further detail in Section 1.3 and by the set of draw 
ings and supportive structural analysis in the app mdix of Volume III. Figure 
1 • 2— 1 illustrates the test article configuration. The major components of 
this test article are as follows: 

. I- The square truss (Figure 1.2-2) containing folding utilities trays -in 
Bays 4 and 5 with provisions for future installation of power, data, 
and fluid lines. 

2. A mechanization system (Figure 1.2-3) consisting of (a) a batten 
deployment/retraction jackscrew system which translates the battens 
one at a time, (b) a diagonal latch unlocking system, and (c) a 
longeron latch unlocking system. 

3. A jackscrew support frame assembly that supports the cantilevered ends 
of the batten deployment/retraction jackscrew* (Figure 1.2-3). 

4. A positioning system to precisely control the bay-by-bay deployment 
ami retraction operations (Figure 1.2-6). 

5. A precompression system to eliminate structure joint backlash (Figure 

1 . 2 - 8 ). 

6. An end adapter at the end of the truss with provisions for attachment 
to a NASA/MSFC test fixture (Figure 1.2-1). 

7. An aluminum skin and frame main housing (Figure 1.2-9). The housing 
and payload carrier frames shown contain inserts for attachment of the 
NASA/MSFC simulated payload carriers. 

A brief summary of the overall design is presented to enhance an under- 
standing of the individual components detailed designs. 

Figure 1.2-2 illustrates the deployable truss major design features. The 
deployable truss contains square battens stabilized by compression diagonal 
traces. Each batten contains a half-nut at each of the four corners. Through 
engagement with each of the four batten deployment/retraction jackscrews, 
counterclockwise rotation of the jackscrews imparts outward linear motion to 
the batten (deployment), while the opposite rotation imparts inward motion to 
the batten (retraction). With the exception of the first bay, deployment or 
retraction is respectively accomplished by holding the aft batten with detents 
while deploying or retracting the forward batten. During deployment, each of 
the four longerons is unfolded and each of the four telescoping diagonals is 
extended. The longerons and diagonals each have spring-activated locking pins 
in latches at their center joints that, upon unlocking, provide axial and 
moment structural continuity. Both designs have end rod fittings with 
spherical bearings and turnbuckles for precise member length adjustment. The 
afo—mentioned spring-activated pins in the center joints must be unlocked to 
permit retraction. This is accomplished with each of the diagonal and 
longeron unlocking systems (Figure 1.2-4) that contain tripping devices that 
rotate exterior cammed surfaces on the latch mechanisms to depress the locking 
pins. 


1-5 














The trues design also contains trays for Bays 4 and 5 onto which a 
generous complement of electrical power, data, and fluid lines can be 
mounted. Specifically, space is available for six No. 1/0 cables, three No. 8 
AWG , six No. 12 AWG, six coax, twenty-eight No. 22 twisted pairs shielded, and 
four 12.5 mia flexible coolant tubes. The trays are hinged from the batten 
frames and fold as shown at the lower right (Figure 1.2-2). During the 
Shuttle launch of a prototype design the trays would provide lateral support 
to the folded longerons. Longitudinal support of Che lorgerons is provided by 
tight packaging and appropriate end transverse beams in the adapter and main 
housing. 

Figure 1.2-3 illustrates (in Che deployed configuration) the major 
features and orientation of the test article mechanization system. For 
clarity, the ten-bay truss structure is not shown. This system provides fully 
controlled bay-by-bay deployment/retraction capability with maintenance of 
root strength thrcughout all phases of deployment. The mechanisms include the 
batten deploymcnt/retraction jackscrew system, the longeron unlocking system, 
and the diagonal unlocking system. The batten deployment/retraction system 
(Figure 1.2-4) consists of four asemblies of guide rail, splined shaft, and 
jackscrew mounted in a slide carriage. These assemblies are located at each 
of the four corners of the main housing. In the first stage of deployment, 
i.e., Bay 1, clockwise rotation of each of the spline shafts advances the 
slide carriage and jackscrews out of the housing into the configuration 
shown. Concurrently, the jackscrew support frame assembly is advanced to the 
configuration shown with the automatic locking of the telescoping diagonals. 

A controller-driven single motor, slaved to a chain and sprocket system, 
drives all four assemblies. The longeron unlocking system (Figure 1.2-4) 
consists of four assemblies of guide rail, jackscrew, carriage, and tripping 
device. These systems are located adjacent to the individual batten 
deployment/retraction assemblies. Each of the four diagonal unlocking 
assemblies are the same as that of each longeron unlocking system, except for 
the tripping devices, and are each located at the center of the housing 
sidewalls. The longeron and diagonal unlocking assemblies are each 
controller-driven by a single motor slaved to a chain and sprocket system to 
drive all four assemolies. 

Figure 1.2-4 further describes the deployment/retraction mechanism. The 
batten deployment/retraction jackscrew shown illustrates one of the four 
jackscrew assemblies. The jackscrew, carriage, and spline assemblies are 
cradled within a rigid rail. A splined bushing at the aft end of the 
50.8-mm-diameter jackscrew encircles a splined shaft that extends nearly the 
entire length of the jackscrews. The jackscrew splines extend beyond the aft 
end of the rails where a chain and sprocket are attached. 

Encircling the rotating jackscrew is a carriage fitting that has external 
ea-s that engage matching grooves running the length of the rails. The 
carriage is pulled forward with the jackscrew, during deployment of Bay 1 
(Figure 1.2-3), until a hole in the side of the carriage is engaged by a 
spring-operated pin mounted near the forward end of each rail, thereby locking 
the carriage. During retraction of this final bay the pin is manually 
retracted from the carriage, thus allowing the jackscrew to be retracted into 
the housing. 

One of the longeron and one of the diagonal unlocking assemblies is each 
shown (Figure 1.2-4) in the partially deployed configuration. In the stowed 
configuration the carriages are entirely within the main housing. 
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Figure 1.2-4. Deployment/Retraction Mechanism Details 
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The separate longeron and diagonal unlocking systems are activated only 
during retraction and are reapectively uaed to unlock the longeron and 
diagonal center joint latchea prior to the atart of the batten retraction. 

The diagonal and longeron center joint latchea are unlocked by forward motion 
of the trip lever pins and tripping probea mounted on the 
deployable/retractable carriages inatalled within rails and driven by the 
25.4-mm-diameter jackacrew. 

The positioning system requirements for this program are a version of . 
standard motion control (robotics) used in industrial machine control 
applications. 

Motion profiles are built up sa sequenced indexes. Each index consists of 
a direction, acceleration time, deceleration time, feed rate, and travel 
distance. The controller calculates acceleration rates, deceleration rates, 
and the position to begin deceleration. The mechanisation uses encoder and 
tachometer sensing with overrated motors and mechanization to ensure precise 
position control without overshoot in the presence of varying output loads. 

The motion profiles for the teat article are shown in Figure 1.2-5. 

The three-axis system selected will allow totally separate positioning of 
(1) the batten deployment/retraction system, (2) the longeron unlocking 
system, and (3) the diagonal unlocking system. 

The batten deployment/retraction axis controller will use a direct-drive 
dc servo motor rated at 27 Nm (240 lb-in.) continous operation up to 225 rpm. 
The motor will be driven with a standard pulse-width modulated drive. 
Positioning resolution will be within 0.001 revolution which is equivalent to 
a longitudinal accuracy of 0.0064 mm (0.00025 in.) on the 6.35 mm pitch 
jackscrew. The deployment/retraction profile will be achieved as a series of 
ten indexes entered into a specific program. 

The diagonal and longeron unlocking controllers will be configured with 
identical hardware and software. Again, direct-drive dc servo motors will be 
used rated at 3.7 Nm (33 lb-in.) continuous up to 2400 rpm. The motor 
contains an integrally mounted encoder and tachometer. Each of the motors 
will have its own pulse-width modulated drive and dc drive power supply. 

These controllers will be to within 0.0025 revolution which is equivalent to a 
longitudinal accuracy of 0.127 mm (0.0005 in.) on the 5.08 mm pitch jackscrew 
to which they will be mounted. Figure 1.2-6 show-? an illustration of the 
typical components 

Figure 1.2-7 illustrates the key discrete stages of deployment and 
retraction. Starting from the stowed package (View 1) the end adapter, which 
is the foward batten of Bay 1, is forward of the jackscrew support frame. The 
first stage of deployment positions and locks the jackscrews and the jackscrew 
support frame diagonal struts, and develops (View 2) Bay 1. At this point, 
the Batten 1 (Figure 1.2-1) half-nuts are engaged with the aft end of the 
jackscrew thread. The batten deployment/retraction system jackscrews are 
reversed to start the deployment of Bay 2 (View 3). 


1-9 



OtWOTCS M» 


5WCNCC 012 »«!•»•» 10 


DEHlOTfCWT PHASE - BATTEN SYSTEM 



Figure 1.2-5. Positioning System Motion Profile 


original page fs 

OF POOR QUALITY 



Figure 1.2-6. Positioning System Components 



Batten 2 (Figure 1.2-7) is held in place by spring-loaded detents until 
Bay 2 is fully extended and locked, and is later overwhelmed by the jackscrew 
starting the deployment of Bay 3. In this manner, each of the bays is 
deployed one at a time until the fully deployed truss configuration is 
achieved (View 4). 

At this point, precompression of the longerons can be applied and removed 
by manual activation of the precomprestion system. 

Xu the retraction phase the longeron and diagonal unlocking carriages are 
initially positioned such that each of the tripping probes Is 25.4 mm away 
from the longeron and diagonal latch trip levers. The four diagonal and four 
longeron latches in Bay 10 are tripped after ten clockwise revolutions of the 
unlocking system jackscrews. After a number of mi iiiaacoud* (to b* determined 
in the future ground tests) the batten deployment /retraction Kystem motors are 
rotated clockwise until Batten 9 (Figure 1.2-1) in placed on the rail. As 
each bay is retracted, the carriages on the unlocking systems are advanced to 
the next unlocking position (Figure 1.2-5). This proceeds from Ley 10 through 
unlocking of Bay 1 (View 6). Upon unlocking the longeron# and diagmu-'s of 
Bay 1, the batten deployment/retraction jackscrews ere rotated counter' 
clockwise 32 revolutions. The extended diagonal and longeron unlocking 
systems are then retracted into the housing to peruit the final retraction of 
Bay 1. 

Figure 1 . 2—8 describes the major features of the precompression system 
provided to eliminate joint backlash in both the longerons and diagonals. A 
cable/bungee system, with a cable pretension of 1780 N (400 lb), will apply up 
to 1425 N of compression in each of the four truss longerons. This 
compression load will, through compatible strain, provide up to 260 N of 
precompression in the diagonals. 

The precompression system consists of two spring bungee assemblies mounted 
on the aft end of the main housing. From either end of each bungee, threaded 
rods are extended that mate with a turnbuckle. From the opposite end of each 
turnbuckle is another threaded rod swagged to a long cable. The two from each 
turnbuckle traverse laterally until they engage a pulley near the axes of the 
longerons. The cables wrap around the pulleys 90 degrees and extend forward 
where they enter the longerons located at the four corners of the truss. The 
cables continue forward through the longerons of all ten bays. The cables 
exit the longerons of Bay 1 and engage another pair of fairleads mounted 
within the adapter. These fairleads are canted in such a way that the cables 
continue toward the geometric center of the adapter within its diagonal 
braces. Swagged balls on the cables attach to fittings whose mounting 
locations are adjustable within the adapter. 

The bungees are supported on the rear of the housing by two pairs of 
brackets that partially encircle the cylindrical body and still allow the body 
to move along its axis as the tumbuckles are utilized to pretension the 
cables to their final 1780 N load. 

Figure 1.2-9 illustrates the major parts of the main housing which is a 
combination welded, riveted, and bolted assembly into which all other major 
assemblies are installed. A welded frame consisting of 50.8 mm equate 
aluminum 6061-T6 tubing has numerous skin and stringer subassemblies riveted 
to it. 
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Panels on the aft side of the housing are removable to provide access to 
the precompresaion system end the three chain-and-sprocket drive systems 
located near the center of the housing. Access holes along the four sides of 
the housing align with the batten retaining detents to provide adjustment 
capability . 

A rectangular pattern of threaded inserts is provided on the four sides of 
the housing for the future attachment of the NASA/MSFC simulated payload 
carrier structures. 

The foregoing described test article design is representative of a 
square-truss, single-fold prototype building-block design from which potential 
apace platforms (Figure 1) or Space Station structures can be constructed. 

The protoype building block has the following significant design 
characteristics : 

o Automatic bay-by-bay deployment and/or retraction to facilitate 
identification of problem (in the event this occurs) 

o Maintenance of root strength during deployment/retraction operations 
which can permit orbiter VRCS firing (if necessary) 

o Longitudinal deployment/retraction within Che housing cross-section 
enve lope 

o All inter-building-block electrical connections in olace prior to 
orbiter installation 

o In-space Inter-building-block structural connections made automatically 
without a fixture. 

o Square-shaped truss which is most suitable for inter-building-block 
attachments; mounting of payloads, docking ports, and propulsion 
modules; and redundancy for meteoroid impact 

o Circular tubes for all truss members which is the minimum cost 
construction for graphite composite construction 

o Widt trays for mounting of a large complement of utilities with ease of 
initial installation, repair, replacement during the total ground 
fabrication period, and with minimum truss structural design constraints 

o harrow trays for minimal complement of utilities with a longeron fold 
angle of 40 to 45" 

o Payloads and propulsion modules can be attached using the RMS 

o A precompression system to eliminate joint backlash 

o Unlocking systems (for retraction) that are easily removable for 
applications in which retraction is not required 
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i.3 TEST A iTiC IE DESIGN 


Thi> section contains a detailed discription of each of the major aub- 
aaaambliea that compriae the teat articlea major components (1.3.1), a listing 
of the teat articlea major deviationa from the prototype deaign (1.3.2), a 
deacription of the teat article aaaembly procedure (1.3.3), and a detailed 
deacription of the method of deployment and retraction (1.3.4). 

1.3.1 Major Subaaaembliea Deaign Deacription 

The major aubaaaembl iea that compriae the major components aummarized in 
Section 1.2 are deacribed in further detail in thia aection. 

1.3. 1.1 Deployable Trusa 

Each of the major subassemblies that comprise a bay of the deployable 
truss are deacribed as follows: 

Diagonal Aaaembly (Drawing 42712-110) - Figure 1.3-1 illustrates tt.e major 
design features of the diagonal assembly. The outer part of this telescoping 
uesign consists of, from left to right, a rod end threaded to a turnbuckle 
which is threaded to a transition fitting that is blind riveted to a 
50. 8-mm-diameter 6061-T6 aluminum tube that is adhesive bonded to an outer 
center fitting. The unlocking latch mechanism is attached to chis fitting. 

The inner sliding part, from right to left, conaista of an identical rod end 
threaded to a transition fitting that is blind riveted to a 44.5-mm-diameter 
tube also adhesive bonded to an inner center f tting. The rod ends are 
stainless steel, the transition fittings CR£S 304 steel, and center fittings 
(Figure 1.3-2) 6061-T6 aluminum. 

Within this inner center fitting is a pair of opposing opring-loaded 
locking pins oriented 90° to the axis of the tube. These pins have blunt 
points machined on them that are aligned with holes on opposite sides rf the 
inner and uuter center fittings. A spring between the two pins exerts a 
separating force on them. In all but the extended position, the pins are 
prohibited from protruding outside the inner tube because of the encircling 
wall of the outer tube. During truss deployment, the two tubes are extending 
with the spring loaded pins of the inner tube pressing on the inner wall of 
the outer tube. At within 6 mm of compl,;® diagonal extension the spring-load 
pins come *nto axial alignment with the two opposing holes in the outer tube. 
The spring forces the pins into the matching holes of the outer tube, thus 
locking the two tubes in that position. The longitudinal force provided by 
the pair of springs is 82.8 N. This operation is automatic and occurs in each 
of the four diagonals of each bay. 

The two shear pins provide the axial load path between the inner and outer 
center fitting. The pins also provide capability to sustain bending moments 
acting in a plane containing the axis of the pins. A bending moment acting in 
a plane perpendicular to the axis of che pins is sustained by bearing between 
the inner and outer fittings at the stations reinforced by rings (Figure 
1.3-2). The tolerances between the mating diameters of the two fittings have 
been limited for this reason (Section 1.5). The diagonals will be fabricated 
to the dimensional length tolerances shown on the drawings. Upon final 
assembly, as described in Section 1.3-3, the diagonals will be adjusted to the 
length compatible with trouble-free deployment and retraction by micro-' 
adjustment of the turr.buckle provided. 
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For Che retraction operetion, en external c am lever is provided (Figure 
1.3-2) and it actuated by the diagonal unlocking trip lever pin as follows: 

The trip lever pin on the carriage is extended by the jackscrew until it 
contacts and causes the diagonal's external can Inver to rotate. The rotating 
lever causes the cam to partially depress the protruding spring-loaded pins. 
Subsequently, the batten jackscrew begins moving the batten toward the 
housing. This motion induces bearing on the pin holes of the outer tube which 
completely compresses Che tapered pins inside the center fitting. Continued 
batten retraction pannits total telescoping of the diagonal. In the stowed 
configuration the diagonal nests between the batten assembly members (Figure 
1 . 2 - 2 ). 

Longeron Assembly (Trawing 42712-12Q) - Figure 1.3-3 illustrates the major 
design features of the longeron assembly. Each longeron is comprised of two 
identical halves (except for provisions for attachment of the latching 
mechanism). Each half consists of a rod end (identical to that provided in 
the diagonal assembly) threaded to a turnbuckle which is threaded to a CRES 
304 transition section which is blind riveted to the 50.6 mm (2 in.) diameter 
6Q61-T6 tubes which are blind riveted to a 2024 aluminum center fitting 
(Figure 1.3-4). The center fitting on each half, in conjunction with the side 
plates, comprise Che center hinge mechanism required to fold the longerons to 
the configuration shown in Figures 1.2-2 and 1.3-5. This design was developed 
to prevent the increase and subsequent decrease in longeron length that occur 
in an over-center latch pivot design at the stage of deployment shown in 
Figure 1.3-6. The added complications to the aforementioned diagonal 
telescoping tube locking and the positioning system motion profile would be 
prohibitive. 

Longeron axial loads are transferred from the left center fitting to the 
pivot pin into the pair of side plates and then into the right center fitting 
through the pivot pin. Bending moments acting in a plane perpendicular to the 
planes of the the side plates are similarly transferred across the joints. 
Bending moments acting in the plane of the side plates are transferred by 
bearing in the pivot pins and the 9.5 mm (3/8 in.) diameter locking pins. 

Shear atiffineas in the plane perpendicular to the aide plates is provided by 
the web showu in Figure 1.3-4. 

Two sector gears are installed on either side of the hinge to eliminate 
the instability of the four pivot points of the longeron during deployment. 
These sector gears anchor the two pivots of the longeron helves together 
causing them to rotate in a singular controlled manner. The result is to make 
the two pivots act as one hinge on the center line of the longeron. 

Locking of the longeron in the fully deployed position is accomplished by 
a pair of spring-loaded pins (similar to those in the diagonal) in the fold 
mechanism. The aforementioned side plateB extend beyond their pivot pins a 
short distance and provide a pair of hole* that are aligned to receive the 
spring-loaded pins when the two rotating arms arrive at their fully deployed 
position. The engaging pins and pivot pins lock each half of the longeron to 
the side plates and, since the plates are continuous across the hinges, the 
hinge becomes rigid in the fully extended position. 
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Like Che diagonal struts, there it a caper on the end of Che spring-loaded 
pins Chat assises in Che final degrees of longeron deployment. This is 
accomplished by the points of the tapered pins engaging the edge of Che holes 
in the aide plates with the resulting camming action forcing the two arms of 
the longerons into their final deployed position. 

After the spring-loaded pins have fully engaged their respective holes in 
the tide plates, their aforementioned conical ends extend outside the plates. 
To unlock the longeron end allow it to fold into its retracted position, a . 
pivot hole ia added to the side plates. A rotating shaft ia inserted through 
the pivot hole end a cam plate is installed on each end of the shaft. The 
cama are located ao as to depress the extended cones of the spring-loaded 
locking pint in a manner similar to the aforementioned diagonal. A lever arm 
is added to one of the cama. A probe extending from the carriage of the 
longeron retraction jackacrew assembly engages thie lever and rotates it 
enough to unlock the latch by causing the cams to depress the spring-loaded 
pins (Figure 1.3-5) and also exerts a aide force on the hinge that causes tne 
hinge to fold off "dead center'' as the outboard batten is retracted by the 
batten jackacrew assembly. As Che batten continues to move toward the 
housing, the longeron folds at an angle of 35" inboard from the plane of the 
truaa. This out-of-plane fold angle provides clearance for the telescoping 
diagonal struts to be stowed along side the batten members. 

Upon final assembly (Section 1.3.3) each of the longeron halves will be 
micro-adjusted to the lengths compatible with trouble-free operation by the 
turnbuckles located at either end. Dual turnbuckles are necessary so the 
folding hinge is always located at the center of the longeron to prohibit 
binding during the fold sequence. The turnbuckle shown, compared to 
conventional turnbuckle designs, provides a more direct load path and, because 
of the reduced length, results in a stiffer member for column applications. 

Typical Batten Assembly (Drawing 43712-190) - Figure 1.3-7 illustrates the 
major design features of the typical batten assembly that, in conjunction with 
four longerons and four diagonals, comprise a typical bay of the deployable 
truss (Figure i.2-2). This batten assembly is not to be confused with the 
payload carrier batten assembly (Drawing 42712-220). 

The batten is comprised of four 35 mm (1-3/8 in.) diameter 6061-T6 tubes 
that define the truss square frame, stabilized by a compression-carrying 
diagonal brace of the same size and material. The brace contains tapered end 
fittings to preclude interference with the stowed longerons. The four frame 
members are joined together by blind riveting to the four corner fittings 
shown. The corner fittings contain integral clevises for attachment of the 
diagonal and longron rod ends, and the threaded half-nuts that engage the 
batten deployment/retraction system jackscrews. The corner fittings also 
provide gussets for mechanical fastening of the diagonal brace. Each of the 
corner fittings contains a pair of pockets into which ball detents, mounted in 
the deployment/retraction system rails, enter to retain the stowed batten. 

The corner fittings also contain openings, through which the precompression 
system tension cables are routed. 

The batten corner fitting clevises (for the rod ends of the diagonal and 
longeron members) contain shoulders on the inner surfaces to minimize the 
axial rotation of the members to _+ 1.5°. This restriction is necessary to 
preclude Che possibility of the latch release levers rotating out of the plane 
of their respective tripping probes mounted on the diagonal and longeron 
unlocking system carriages. 
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The half-nut corner fittings are coated with teflon (TFE) to reduce 
friction while in contact with the rotatiu^ jackscrews during deployment and 
retraction. 

Payload Carrier Batten Assembly (Drawing 42712-220) - The payload carrier 
batten assembly overall configuration and design features are shown in Figure 
1,3-8. There are two of these battens onto which the NASA/MSFC simulated 
payload carriers will be mounted. The 1/2-20 threaded inserts provided 1.31 m 
(51.5 in.) apart along the batten and 1.09 m (43.0 in.) apart between the pair 
of' battens are the attachment interface for the simulated payload carriers. 
This attachment interface is provided on each of the four batten faces. 

This batten is designed to locally support installation of a 3636 kg 
(8000 lb) simulated payload carrier, for modal survey tests, without 
detrimental deformation provided the frame itself is supported by a pair of 
vertical tension cables attached at the bottom of the frame or at points "A" 
and "B" (Figure 1.3-8). Therefore, the batten is comprised of 50.8 mm 6061-T6 
square tube members. Further, the square tubing can permit future 
installation of electrical feedthrough plates. 

The corner fittings are configured to accommodate blind riveting for 
attachment of the square tubes and to provide threaded inserts for 
installation of the payload carriers. It also provides clevises with 
rotation-limiting features for the longerons and diagonals, pockets for the 
ball detents, threaded half-nuts, and holes for the routing of the 
precompression system tension cables. 

Like the corner fittings on the regular battens, the half-nuts are also 
coated with teflon. 

Utilities Support Trays (Drawing 42712-230) - The deployable truss design 
includes utilities support trays. For this ground test article the utilities 
trays are provided in only Bays 4 and 5. The trays provide support for the 
required complement of four No. 1/0 cables, two No. 8 AWG, four No. 12 AWG, 
four coax, twenty No. 22 twisted pairs shielded, and four 12.5 mm flexible 
coolant tubes. There is additional space available for two No. 1/0 cables, 
one No. 8 AWG, two No. 12 AWG, two coax, and eight No. 22 twisted pairs 
shielded. 

The tray assembly in each bay consists of two half-trays hinged to each 
other at the tray edges in the center of the bay. Each tray half attaches to 
hinge fittings mounted on the batten tube frame. 

Each half-tray assembly has a machined aluminum base containing the four 
hinge points, tray sides and stiffeners. Three epoxy glass block clamp sets 
and a machined aluminum cover are bolted to the base. The block clamp s. ts 
provide support of the utilities and ample separation of power and data 
lines. The base and cover contain cutouts to reduce weight. 

One half-tray assembly base in each bay has provisions for four bolt-on 
longeron supports. These supports provide lateral stability for the longerons 
in their stowed position and have capture guides that assist the longeron 
during retraction. 
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When shoved, each utility tray will nest between the diagonal braces of 
adjacent battens. Each tray base has two pads that can transmit longitudinal 
support from the folded tray to the adjacent tray. For a truss containing 
trays throughout, the longitudinal load can be transferred to the support 
beams provided in the main housing and adapter. 

The length of the utility tray assembly is slightly longer than the 
distance between adjacent batten hinges so that the trays center hinges will 
be approximately 50 mm (2 in.) above the batten hinge centerline when 
deployed. This is to prevent a locking condition on retraction. 

1.3. 1.2 Deployment/Retraction Mechanism 

Each of the major subassemblies that comprise the deployment/retraction 
mechanism is described as follows: 

Batten Deployment/Retraction System (Drawing 42712-130) - Figure 1.3-9 
illustrates the major design features of one of the four batten deployment/ 
retraction system assemblies. Each assembly consists of a jackscrev, 
carriage, and spline assembly cradled within a rigid rail that is attached to 
a pair of main housing frames. The jackscrew threads and rails match similar 
features on the half-nuts of the batten and carrier assemblies (Figure 
1.3-10). A splined bushing at the aft end of the jackscrew encircles a 
splined shaft that runs nearly the entire length of the jackscrew. The 
jackscrew spline extends beyond the aft end of the rail where a chain and 
sprocket is attached. One of the four spline shafts is coupled to a drive 
motor mounted on the aft end of the housing. A chain encircling the four 
sprockets drives ail of the jackscrews simultaneously . (Figure 1.2-4) 

Encircling the rotating jackscrew is a carriage fitting with external ears 
that engage matching grooves running the length of the rails. The carriage is 
pulled forward with the jackscrew, during deployment of the first bay, until a 
hole in the side of the carriage engages a spring-operated pin (Figure 1.3-10) 
mounted near the forward end of each rail. During jackscrew retraction, the 
spring-loaded pin is manually retracted from the carriage, thus allowing the 
carriage and jackscrew to be subsequently retracted into the housing. 

At the cantilevered forward end of the spline is attached a sleeve whose 
outside diameter is slightly smaller than the inside diameter of the 
jackscrew. The purpose of this sleeve is to maintain concentricity of the 
splined shaft with the jackscrew. 

At the forward end of the jackscrew (Figure 1.3-9) a probe is provided 
that supports the jackscrew support frame and the end adapter in the retracted 
position. The jackscrew support frame is attached by a plate on the frame 
engaging an annular groove in the probe. The end adapter is retained on the 
probe by an adjustable spring-loaded ball detent in each probe engaging a 
matching groove within each of the four drogues located at the corners of the 
adapter. 

At eight places along each rail are adjustable spring-loaded detents that 
are utilized to offer resistance to deployment of battens stowed along with 
the rails while a bay is being formed along the extended jackscrews. Once the 
bay is formed by fully extending the longeron and diagonal struts, sufficient 
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Figure 1.3-9. Batten Deployment/Retraction System Mechanism 
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force can be exerted on the restrained batten by the jackacrew to overwhelm 
the resistance of the detents and, thereby, deploy the batten. The same 
procedure is repeated for deployment of each bay until the entire truss is 
deployed. 

Attached approximately midway to the rails are truss attachment fittings 
that interface with the aft ends of the longeron and diagonal struts that 
comprise the last bay. These anchor fittings replace a batten that is 
normally used elsewhere in the truss. When the truss is completely deployed 
the fittings transfer longeron and diagonal loads to the rails, and to the 
housing through the rail attachment to the housing. This frame is adjacent to 
the fittings and is stiffened by the shear web shown in Figure 1.2-9. 

Longeron and Diagonal Unlocking Assembly (Drawing 42712-140) - Figure 
1.3-11 illustrates the major design features of the longeron and diagonal 
unlocking assemblies. The figure at the upper left represents the partially 
deployed configuration. The diagonal unlocking assembly is identical except 
for Che difference in the tripping device. 

There are four longeron unlocking assemblies (one for each of the four 
longerons) and four diagonal unlocking assemblies (one for each of the four 
diagonals). These assemblies are located as shown on Figure 1.2-3 

Each of these eight assemblies consists of a 6061-T6 guide rail, 25.4 mm 
(1 in.) diameter 304 CRES steel jackacrew, 6061-T6 carriage, and appropriate 
latch tripping device. The jackacrew has an ACHE thread with a 5.08 mm pitch 
(0.20 in.). The guide rail is fastened through adjustable shims to the main 
housing frames. Sprockets mounted on the aft-extended end of the threaded 
carriage rods are interconnected by a chain encircling the sprockets. A drive 
motor is attached to one of the extended threaded carriage rods, and the 
interconnecting chain drives the three remaining assemblies within etch 
system. (Figure 1.2-4). 

The separate longeron and diagonal unlocking systems are activated only 
during retraction and are respectively used to unlock the longeron and 
diagonal center joint latches just prior to the start of the batten 
retraction. The diagonal and longeron center joint latches are unlocked by 
forward motion of the trip lever pins and tripping probes mounted on the 
deployabis/retractable carriages installed within rails and driven by the 
jackscrewa. This is accomplished as follows: 

At the center of each telescoping diagonal strut and folding longeron are 
internal spring-loaded pins that automatically lock each strut in its fully 
extended position In this locked position, tapered ends of the spring-loaded 
pins are extended through the walls of the struts beyond their exterior 
surfaces. Lever operated cams, mounted on the exterior of the members depress 
the spring loaded pins, thus unlocking the struts and thereby permitting them 
to be folded or telecoped to the rtowed position. 

A motor controller is programmed to rotate each carriage jackscrew, 
thereby extending probes, (mounted on the forward ends of each carriage) 
enough to engage the cam levers on each strut and to cause them to rotate 
until the cams depress the spring-loaded pins within the members. The 
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forward batten of that bay can then be moved toward the main housing, causing 
the diagonals to compress and the longerons to fold into their fully-stowed 
position. Because the stowed thickness of a typical bay is 101.6 mm (four 
inches), the carriage must be advanced this distance to center the carriage 
trip probe with the lever cam latches in the subsequent bay. After the 
letches of the final bay are tripped, the motor controller is programmed to 
retract the extended carriages back into the housing to permit subsequent 
retraction of the jack- crew support frame and the truss end adapter. 

At first glance one would think that the mechanization of a tripping 
system for the diagonals would be identical to one of the longerons because 
they both simply rotate levers on the respective latches. A closer analysis 
of the two systems kinematics reveals the initial rotation of the latch lever 
depresses the locking pins of the latches. In the case of the diagonals, once 
the pins are retracted, the extended bay batten can be retracted into the 
housing. This action causes the telescoping diagonals to shorten. In the 
case of the longerons, however, just retracting the locking pins will not 
necessarily allow the longeron to fold. A friction lock could still inhibit 
the longeron from folding. An additional force perpendicular to the axis of 
the longeron pivots is required to displace the pivot off-center simul- 
taneously with the retraction of the extended bay batten. Thus it can be seen 
that a single unlocking system to perform all these functions was not 
appropriate. 

1.3. 1.3 Jackscrew Support Frame Assembly (Drawing 42712-170) 

Figure 1.3-12 illustrates the major features of the jackscrew support 
frame assembly. This assembly, consisting of four telescoping diagonals and a 
frame, provides a "deep truss" stiffness to the cantilevered ends of the four 
batten deployment/retraction system jackacrews during all operations excepting 
the deployment/retraction of Bay 1 (Figure 1.2-3). During deployment/ 
retraction of this bay the four jackacrews and frame behave as a Vierendeel 
truss. This is expected to be adequate during the initial stages of deploy- 
ment of the truss since the length is small; hence, on-orbit moments and 
stiffness requirements should be minimal. The frame itself also minimizes any 
relative lateral separation between the jackacrews compatible with maintaining 
thread engagement. 

The assembly consists of the support frame (View A-A) and four telescoping 
diagonals. The diagonals are identical to the typical diagonals in the 
deployable square truss except for length. The ends of the diagonals are 
attached to clevis fittings on the main housing forward frame and to the frame 
as shown in detail "A". 

The frame is comprised of four 6063-T52 rectangular tubes riveted together 
through the fittings shown on Details "A" and "B". The dog-legs in the 
fittings are required to permit clearance during the traverse of the 
deployable truss longeron latch mechanisms and the batten corner fittings 
half-nuts. The dog-leg and requirements of compact stowage directed the 
design to have offsets between the jackscrew, diagonal, and frame member 
centerlines. This has been accounted for in the design (Volume III). 
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Figure 1.3-11. Longeron/Diagonal Unlocking Mechanisms 



Figure 1.3-12. Jackscrew Support Frame 
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1.3. 1.4 Positioning System Design 

During the esrly part of this study Rockwell obtained the assistance of 
PHI Hotors (Division of Kollmorgen Corporation) to determine the positioning 
system design characteristics. The resulting design is documented in 
Reference 10. At the conclusion of this study, PM1 Motors deferred the 
positioning system responsibility to the Kiowa Corporation. The following 
positioning system description has been provided by the Kiowa Corporation. 

The positioning system requirements for this program are a version of a 
standard motion control (robotics) used in industrial machine control 
applications. 

Motion profiles are built up as sequenced indexes. Each index consists of 
a direction, acceleration time, deceleration time, feed rate, and travel 
distance. The controller calculates acceleration rates, deceleration rates, 
and the position to begin deceleration. The mechanization uses encoder and 
tachometer sensing with overrated motors and mechanization to ensure precise 
position control without overshoot in the presence of varying output loads. 

The motion profiles for the test article are shown in Figure 1.2-5. 

The three-axis system selected will allow totally ae^Mrate positioning of 
(1) the batten deployment/retraction system, (2) the longeron unlocking 
system, and (3) the diagonal unlocking system. 

In addition, the system includes a programmable output option that allows 
the batten deployment axis to sequence the longeron and diagonal unlocking 
axes. The system consists of a standard main frame chassis with three 
standard motor control modules, position feedback modules, and digital input/ 
output modules. In addition, three machine logic simulators are included for 
all motion fuctions on any axis; for example, jog, run, hold, and high or low 
speed. 

The batten deployment/retraction axis controller will use a direct-drive 
dc servo motor rated at 27 Nm (240 lb-in.) continuous operation up to 225 
rpm. The motor will be driven with a standard pulse-width modulated drive. 
Positioning resolution will be to within 0.001 revolution which is equivalent 
to a longitudinal accuracy of 0.0064 mm (0.00025 in.) on the 6.35 mm pitch 
jackscrew. The deployment /retract ion profile will be achieved as a series of 
ten indexes entered into a specific program. 

The diagonal and longeron unlocking controllers will be configured with 
identical hardware and software. Again, direct-drive dc servo motors will be 
used rated at 3.7 Nm (33 lb-in.) continuous up to 2400 rpm. The motor 
contains an integrally mounted encoder and tachometer. Each of the motors 
will have its own pulse-width modulated drive and dc drive power supply. 

These controllers will be to within 0.0025 revolution which is equivalent to a 
longitudinal accuracy of 0.0127 mm (0.0005 in.) on the 5.08 mm pitch jackscrew 
to which they will be mounted. 
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The controller is an Intel-8085 baaed eight-bit microcomputer with 2K of 
random acceaa memory (SAM), 16K of eraaeable programmable read-only memory 
(EPROM), and IK of electrically alterable read-only memory (EAROM). For 
extended programming capability, the EAROM may be expanded to 5K. EAROM is 
nonvolatile, having at leaat ten yeara of atorage life for the uaer input 
parametere. Operating ayatem aoftware integral with the controller aimplifies 
the task of uaer programming. The configuration is arranged through a 
prompting routine displayed from an alphanumeric display requiring simple 
command input from a keyboard. 

Interface between the controller, motors, and sensor feedback ia done 
through 24 input/output lines defined for specific functions. 

All of the hardware, except Che motors, the remote programing panel and 
cabling will be mounted in a standard 914 mm by 914 mm by 305 mm enclosure. 

Figure 1.2-6 shows an illustration of typical components, and Figures 
1.3-13 and -14 show they key dimensions for the selected motors. 

1.3. 1.5 Precompression System Assembly (Drawing 42712-150) 

Figure 1.3-15 illustrates the major design features of Che precompression 
system provided to eliminate the slop in the 280 pivots of the ten-bay 
deployable truss. 

The system consists of a pair of spring bungee assemblies mounted on the 
aft end of the main housing. From either end of each bungee threaded reds are 
extended that mate with a turnbuckle. From Che opposite end of each 
turnbuckle is another threaded rod swagged to a long cable. Thr two 3.2 mm 
(1/8 in.) diameter wire rope (7 x 19 strands) from each turnbuckle traverse 
laterally until they engage a pulley aligned with the axes of the longerons. 
The cables wrap around the pulleys 90 degrees and extend forward where they 
enter the longerons located at the four corners of the truss. The cables 
continue forward through the longerons of all ten bays. The cables exit the 
longerons of Bay 1 and engage fairleads mounted within the adapter. These 
fairleads are canted in such a way that the cables continue toward the 
geometric center of the adapter within its diagonal braces. About midway to 
the center of the adapter, swagged balls on the cables attach to fittings 
whose mounting locations are adjustable within the adapter. 

The bungees are supported on the rear of the housing by two pairs of 
bracket (Figure 1.3-15) that partially encircle the cylindrical bodies 
(6061-T ) and still allow the body to move along its axis as the turnbuckles 
are uti zed to pretension the cables to their final 1780 N load. 

The cable pretension ia accomplished by utilizing a GSE tool (described on 
the drawings) as follows. Slots located in each leg of the tool's yoke that 
straddle the turnbuckles are engaged with the flats on the cable terminal and 
the rods extending from either side of the bungee into the turnbuckles. A 
25.4 mm crescent wrench is simultaneously engaged with the center of the 
turnbuckle to turn it to shorten the effective length of the cable and 
thereby, compress the spring within the bungee. The same procedure is applied 
to the other turnbuckle to totally foreshorten each cable 101.6 mm (4 in.), 
for a total cable pretension of 1780 N (400 lb). 
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The bungee utilize* « 79. A tom (3-1/8 in.) C.D. compression spring 
febricated from 8.7 mm (.3A3 in.) diameter 17-' i’h wire. The compression 
spring is stabilized by the inner wall of the bungee cylinder body. The 
spring is designed to provide a spring constant of 87.5 N/cm (50 Ib/in. ) to 
minimize pretension cable load fluctuations that could occur in a space 
article. Figure 1 . 3— 16 illustrates the routing of the tension cables between 
adjacent longerons through the batten corner fitting guide openings, and the 
routing through the longeron rod end transition fittings past t!.e center joint 
mechanism. The openings prrvide adequate clearance for bending of the cable, 
to permissible band radii, during folding of the structure. The openings at 
the longeron canter joints also permit bending to adequate radii and confine 
cable excursions to an acceptable envelope. 

1.3. 1.6 End Adapter Assembly (Drawing 42712-180) 

Figure 1.3-17 illustrates the major design features of the end adapter 
which is the forward batten for the first bay and has provisions for 
attachment to a NASA/MSFC test fixture for stiffness, modal survey, and limit 
load strength testing (Figure 1.3-18). The end adapter also is the mounting 
for the swagged balls on the four tension cables of the precompression 
system. Representative of future flight article needs, during orbiter launch, 
the diagonals stabilize the main housings forward frame and vertical beams 
provide rigid longitudinal support for the folded longerons and trays. 

The end adapters square configuration is constructed from four 50.8 x 76.2 
mm (2 x 3 in.) 6061-T6 rectangular tubes mechanically fastened together by 
corner jackscrew drogue fittings (View A-A). The drogue is shaped to capture 
the ball detents mounted on the end of the batten deployment/ retraction 
jackscrew probes. The corner fittings provide the clevis fittings to receive 
the rod ends of the diagonals and longerons. The corner fittings also contain 
two inserts shown (Figure 1.3-17 - right view) for attachment of eight 
brackets that are mounted to the outside face of the main housing forward 
frame. The forward face of this corner fitting (View B-B) each contains 
threaded inserts for attachment to the NASA/MSFC test fixture. The inserts 
are centered on the projected longeron axis. 

A pair of back-to-back 76.2 mm (3 in.) deep extruded channel sections are 
provided for each of the adapter diagonals. The spacing between the channels 
is used for routing the precompression system tension cables, and provisions 
for the adjustable fittings to which the swagged end of the cables are 
attached. Each end of the diagonals are attached to the corner fittings by a 
pair of shear clips and a pair of gussets as shown in Figure 1.3-17. The same 
type of structural attachment is provided at the diagonal crossings at the 
vertical beams, and at the inersection of the diagonals. 

The square tube 6061-T4 beams are attached to the adapter square frame 
with shear clips and gussets. 

1.3. 1.7 Main Housing Assembly (Drawing 42712-160) 

The main housing structure, Figure 1.3-19, is a combination welded, 
riveted and bolted assembly into which all other major assemblies are 
installed. 
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Figure 1.3-19. Main Mousing Structure 




A veld assembly of three frames and connecting stringers form the housing 
framing structure. The frames are made of 50.8 mm (2 in.) square. 606 1-T6 
aluminum tubing. The corners are braced with a 9.5 mm (.375 in.) thick 
6061-T6 aluminum gussets velded in place. The forward and center frames 
provide the mounting for the rails of the four batten jackscrev assemblies, 
and the four diagonal unlocking and four longeron unlocking assemblies. Two 
insert mounts welded in each external frame side provide the 1/2-20 threaded 
insert pattern for payload carrier mounting. The center frame has two 76.2 mm 
(3 in.) square tube 6061-T4 aluminum members to accept longeron and utility 
tray longitudinal loads when stowed. The center frame also has a mounting 
structure for the precompression system. The aft frame provides mounting 
structure for the three drive motors and three chain drive idlers. 

The center frame is closed out with two 2.3 mm (.090 in.) thick 6Q61-T6 
aluminum sheets riveted in place. The sides of the main housing and aft drive 
motor frame are covered with 2.3 mm thick 6061-T6 aluminum skin panels that 
are bolted in place. All large skin panels have 44.5 x 44.5 x 3.2 mm 6061-T6 
aluminum angle stiffners spot-welded in place to provide a minimum modal 
frequency no less than 10 Hz (Volume 111). Access holes are provided in the 
skin for batten detent adjustment and jackscru carriage release. 

The 1/2-20 threaded insert pattern on each side of the main frames are 
also used for accepting eye bolts to attach support structures during ground 
handling and deployment/retraction operations. The forward inserts are used 
to secure the adapter to the housing during shipping. 

1.3. 1.8 Corrosion Protection 

Corrosion protection on all components is in accordance with the standard 
industry practice, i.e., anodize for aluminum, cad plating for low carbon 
steel parts, TFE and dri lube for sliding and rocating surfaces. 

1.3. 1.9 Dimensional Accuracy 

Dimensional accuracies with regard to detail fabrication are in accordance 
with specification ANSI Y14. 5-1973. In addition, adjustments have been 
designed into minor and major assemblies via turnbuckles and shims. 

1,3.2 Ground Test Article Deviations from Prototype 

The ground test article design is "fabrication ready" and, hence, clearly 
defined. The prototype building-block design that is represented by the 
ground test article has not been designed in detail, and is not as clearly 
understood. However, to aid reviewers interested in future space applications 
the known ground test article deviations from the protype design are 
delineated as follows: 

o Adapter-to-Housing Retention Mechanism - The test article is presently 
secured in the stowed position by four S-fittings connecting the end 
adapter to the main housing forward frame. Unlocking is done manually 
by removal of the four fittings. A prototype design will require 
substitution of a remotely controlled latch system. 
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o 


Batten Jackscrew Carriage Locking Pina Assembly - Prior to retraction 
of Bay 1, the current design requires manual release of each of the 
four batten deployment/retraction jackscrew carriages locking 
assemblies* In the prototype design a remote motorized system is 
required. 

o Jackscrew Support Frame Diagonal Unlocking - Prior to retraction of Bay 
1 the test article requires manual release of each of the four tele- 
scoping diagonal latches that position and support the jackscrew 
support frame assembly. For the prototype design a remotely operated 
unlocking system will be required. 

o Positioning System Motors, Tachometers, Encoders - The test article 
servo motors, encoders, and tachometers are heavy-duty commercial 
designs. The prototype design will require flight-qualified designs, 
i.e, thermal, vacuum, radiation, Shuttle launch. 

o Precompression System Cable Tensioning - The test article tension is 
applied /removed manually with GSE wrenches. For the prototype design 
the tension will be applied /removed by a remotely controlled motor. 

o Motor Redundancy - The teat article contains no redundancy. For the 
prototype, redundancy is required for all the motorized components. 

o Deployable Curtain - Reliable deployment/retraction operations on-orbit 
may require a curtain around the four open faces of Bay 1 (Figure 
1.2-3) The curtain can minimize fluctuation in the temperatures of the 
batten deployment/retraction jackscrews and in the longerons and 
diagonals during deployment, and with time permitting, during 
retraction. The curtain can be foldable in the same manner as that 
shown in Figure 2.1-7 for the Concept 4 OTV hangar. The need for a 
curtain depends on the range of temperatures that would occur in the 
affected members during deployment without it. The desirability of a 
coarser ACME thread in the jackscrew which would provide an increased 
tolerance for thermal induced length changes is also dependent on 
thermal analysis results (Section 1.3. 2. 3). 

Depending on the particular future system- imposed requirements, the 
following design modifications may be necessary for a prototype design. 

o Main Housing and End Adapters - The ground test article design may be 
modified f-jr the unique end attachment applications, and stowage in the 
orbiter . 

o Mass Critical Designs - A mass critical design would require modifi- 
cations such as reduced housing skin gauges, more extensive machining 
of the batten deployment/retraction rails, and reduced gauges on the 
longerons, diagonals, battens, jackscrew support frames, and end 
adapter. 

o Stringent Figure Control Design - Stringent dimensional stability 
requirements may require the use of low coefficient of thermal 
expansion (CTE) longerons, diagonals, and battens. Such a design in 
conjunction with an invar deployment/retraction jackscrew and a low CTE 
main housing would preclude the need for a curtain or the concerns of 
Section 1.5. 2. 3. 
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Finally, thermal coatings may be required on all non-rubbing surfaces of 
the truss structure. 

1.3.3 Assembly Description 

The assembly of the ground test article (Figure 1.3-20) is to be 
accomplished in the following manner: 

1. Support the completed main housing assembly and orient as shown on 
Figure 1.3-21 and remove the aft skins. The aft face of the housing is 
to be approximately 1.5 m above the floor. (There are 16 handling lugs 
that will screw into the housing payload/carrier attachment inserts.) 

2. Install the four batten deployment/retraction jackscrew assemblies and 
position (with shims) to satisfy the dimensional requirements shown on 
the top assembly drawing. 

3. Install the four longeron and four diagonal unlocking jackscrew 
assemblies and position (with shims) to satisfy dimensional require- 
ments shown on the cop assembly drawing. 

4. Install the jackscrew support frame assembly such that the underside of 
the frame rests on the housing and attach the four telescoped diagonals 
to the devices on the housing and frame. This represents the stowed 
condition of the jackscrew support frame assembly. 

5. Manually extend together the jackscrew support frame assembly and four 
batten deployment/retruction jackscrews and carriage to the deployed 
configuration shown on Che top assembly drawing. Secure the four 
carriages to the housing by installing the four carriage locking pins 
through each rail into each carriage. Adjust the turnbuckle on each of 
the four diagonal cubes to the required dimensions shown on Che top 
assembly to achieve squareness on all planes. 

6. Support (as required) the jackscrew support frame assembly to permit 
removal of the four carriage locking pins and remove the assembly 
together with the jackscrews, splined shafts and carriages. During 
removal, protect flexible parts with wood bracing or equivalent. 

7. Install the seven typical battens and two payload carrier support 
battens in the proper sequence into the housing, one on top of the 
other. (Batten 9 is supported by the four clevis fittings attached to 
the batten deployment/retraction jackscrew rails.) Partially lower the 
assembly removed in Item 6 into place until the aft ends of the four 
batten deployment/retraction jackscrew threads contact the forward 
faces of the four Batten 1 half-nuts. Orient the lead thread on each 
of the four batten jackscrews with its corresponding lead thread on the 
four batten half-nuts. Lower the entire assembly by simultaneously and 
manually rotating the four jackscrews clockwise until the holes in the 
carriage line up with the corresponding holes in the rails. Reinstall 
the four carriage locking pins. 
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Figure 1.3-20. Test Article Bay and Batten Identification 
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Install the drive sprockets, and chain assemblies and shaft collars as 
shown on the top assembly drawing. Pretension the chains as specified. 
While installing and pretensioning the chains be sure to maintain the 
thread indexing of the batten jackscrews with the Batten l half-nuts. 
Upon completion of chain pretensioning, tighten the setscrews that 
secure the sprockets to the splined shafts. 

9. Install the end adapter on the four jackacrew probes. 

10. Install all four Bay 1 longerons and diagonals to complete Bay 1. Any 
length adjustment of the longerons is to be shared equally between each 
of the two turnbuckles per longeron. 

11. Provide external vertical support that will permit retraction of Bay 
1. Remove the four carriage locking pins and manually unlock the four 
jackscrew support frame diagonals, and the four longeron and four 
diagonal latches. (The sprockets have spanner wrench holes. A spanner 
wrench detail is provide on the top assembly drawings.) Use the 
spanner wrench to manually rotate the batten jackscrews until the 
jackscrew support frame rests on the main housing. Deploy and retract 
Bay 1 until trouble-free operation is achieved. 

12. Using the cpanner wrench, manually redeploy Bay 1. Continue 
counterclockwise revolutions until the forward face of the Batten 1 
half-nuts are flush with the aft face of the jackscrew support frame. 
Position Batten 2 so that the forward faces of its half-nuts are 
contacting and radially aligned with the aft face of the batten 
jackscrew threads. Manually rotate the batten jackscrews counter- 
cockwise eight revolutions to obtain a 50.6' mm (2 in.) engagement of 
the Batten 2 half-nuts. 

13. Install all Bay 2 longerons and diagonals. As before, any length 
adjustment of the longerons is to be equally shared by each of the twe 
turnbuckles on each longeron. 

14. Manually unlock all four diagonals and longerons of Bay 2. Retract and 
deploy Bay 2 until trouble-free operation is achieved. 

15. Install Bays 3 and 4 longerons and diagonals in the same manner as Bay 
2 until trouble-free operation is achieved., 

16. Redeploy Bay 4. Continue manual counterclockwise rotation of the 
batten jackscrews until the forward faces of the Batten 4 half-nut6 are 
25.4 mm (1 in.) below the aft face of the jackscrew support frame. 
Position Batten 5 (payload carrier support frame) so that the forward 
faces of its half-nuts are contacting and radially aligned with the 
jackscrew threads. Manually rotate the jackscrew 12 revolutions 
counterclockwise. 

17. Install the Bay 5 longerons and diagonals and adjust as described in 
Item 13. 

18. Repeat Item 14 for Bay 5. 
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19. Redeploy Bay 5. Continue manual counterclockwise rotation until the 
forward face of the Batten 5 half-nuts are 254 mm (10 in) below the aft 
face of the jackscrew support frame. Position Batten 6 (payload 
carrier support frame) so that the forward faces of its half-nuts are 
contacting and radially aligned with the jackscrew threads. Manually 
rotate the jackscrews 32 revolutions counterclockwise which is a 
203.2 mm (8 in.) travel. 

20. Install the Bay 6 longerons and diagonals and adjust as in Item 13. . 

21. Repeat Item 14 for Bay 6. 

22. Redeploy Bay 6. Continue manual counterclockwise rotation until the 
forward faces of the Batten 6 half-nuts are 25.4 mm above the aft face 
of the jackscrew support frame. Position Batten 7 so that the forward 
faces of its half-nuts are contacting and radially aligned with the 
jackscrew threads. Manually rotate the jackscrews 8 revolutions 
counterclockwise. 

23. Install the Bay 7 longerons and diagonals and adjust as in Item 13. 

24. Repeat Item 14 for Bay 7, 

25. Install Bays 8 and 9 in the same manner as Bay 2. 

2b. Redeploy Bay 9. Continue deployment until the forward faces of the 

Batten 9 half-nuts are 1.35 m (53 in.) from the forward face of the 
rail attach fittings. 

27. Perform Item 13 for Bay 10. 

28. Perform Item 14 for Bay 10. 

29. Manually retract Bay 10 through Bay 1 and record the relative longi- 
tudinal and lateral contact points for each longeron and diagonal 
retraction probe in each bay. Adjust each of the eight probes for best 
compromise. Redeploy and retract to verify suitability of probe 
adjustment. 

30. Redeploy the entire structure Bays 1 through 10. 

31. Manually and concurrently, using spanner wrench, rotate clockwise ten 
revolutions Che diagonal and longeron retraction jackscrews, thereby 
unlocking the latches in each longeron and diagonal for Bay 10. 

Manually rotate the batten deployment/retraction system jackscrews 
clockwise to retract Bay 10. 

32. Manually and concurrently rotate the unlocking system clockwise 20 
revolutions, thereby unlocking Bay 9. Retract Bay 9. 

33. Repeat Item 32 for Bays 3 and 7, except prior to retraction of Bay 7; 
manually and concurrently rotate the unlocking system counterclockwise 
five revolutions. 
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34. Manually and concurrently rotate the unlocking system five revolutions 
clockwise, thereby tripping the longerons and diagonals of Bay 6. 
Retract Bay 6. 

35. Rotate the unlocking system 60 revolutions clockwise, thereby unlocking 
the Bay 5 diagonals and longerons. Retract Bay 5. 

36. Repeat same procedure for Bays 4, 3, and 2 as for Bays 9 and 8, ending 
with retraction of Bay 2. 

♦ 

37. Rotate unlocking system 20 revolutions clockwise, thereby unlocking the 
Bay 1 longerons and diagonals. Manually unlock the four jackscrew 
support frame diagonals and pull the four carriage locking pins. 

Retract Bay 1 through 32 counterclockwise revolutions of the jackscrew 
systems. Retract the unlocking system by rotating the jackscrew system 
through 210 revolutions counterclockwise. The retraction probes should 
be in the initial stowed position. Complete the retraction of Bay 1 by 
rotating the unlocking assembly jackscrews counterclockwise through an 
additional 164 revolutions. 

36. Deploy Bays 1 through 10 and install the precompression system as shown 
on the top assembly drawing. 

39. Manually deploy and retract all bays to assure tension system cables do 
not interfere with deployment and retraction. 

40. Deploy Bay 1. At Batten 2, using GSE wrench No. VW62 inserted through 
detent access holes in the housing skin, advance all eight detents (two 
at each batten corner half-nut) until contact with the half-nut is 
made. Note the depth of insertion of the wrench. Advance all eight 
detents 1.52 to 1.65 mm (0.060 - 0.065 in.). This position of the 
detent will impart a total of approximately 445N (100 lb) force 
resistance to the batten before the detents are compressed, thereby 
allowing the batten to move. If this amount of force appears to be too 
little or too great, the detents can be readjusted until the desired 
batten resistance is achieved. 

41. Install the three drive motor assemblies. 

42. Perform positioning system motor and computer adjustments. 

43. Upon completion of Item 42, deploy Bays 1 through 5 and install the 
tray assemblies in Bays 4 and 5, respectively. 

44. Retract and deploy Bays 4 and 5 to assure trouble-free operation. 
Retract the remaining structure and install the adapter/housing four 
"S" fittings. 

The following further defines the assembly operations requirments: 

(a) During deployment anJ retraction the truss structure weight 

exerted upon the jackscrews shall be counterbalanced to within _+ 
the weight of one hay. Appropriate lateral support safety guides 
shall be provided. 


(b) Die assembly of the test article Is to be performed in an environ- 
ment in which temperatures are controlled to 27 + 10°C (75“ + 

18 °F). 

(c) The manual deployment and retraction operations will be performed 
by applying torque to a spanner wrench that attaches to any one of 
the four batten deployment/retraction jackscrew sprockets. A 
torque wrench attached to the end of the spanner wrench will 
permit measurement of the system's required torques prior to 
installation of the positioning system. 

In the event the vertical deployment Is restricted such as shown in Figure 

1.3-22, the following assembly variations relative to the foregoing are 

imposed . 

(a) Pertinent to operations 13 through 37, the upper bays can be 
manually folded, provided the aforementioned counterbalancing 
requirement is satisfied during deployment and retraction, 
adequate support is provided for the bay being manually folded, 
and upon retraction the folded bays are manually redeployed prior 
to retraction with adequate support provided. 

(b) Folding will be accomplished by manual tripping of the diagonal 
and longeron latches, with latch retention maintained by a 
suitable GSE device that will free the technicians for other tasks. 

38. Deploy Bayj 1 through 5 and install the tray assemblies in Bays 4 and 
5, raspectively . 

39. Retract and deploy Bays 4 and 5 to assure trouble-free operation. 

40. Perform item 40 as previously described pertaining to adjustment of the 
detents. 

41. Reorient the stowed configuration and manually deploy Bays 1 through 10 
to the configuration shown In Figure 1.3-23. 

42. Install the precompression system and manually deploy and retract all 
bays to assure tension system cables do not interfere with deployment 
and retraction. 

43. Install the three drive motor assemblies. Reorient the configuration 
to that shown in Figure 1.3-21. 

44. Perform the positioning system motor and computer adjustments. Upon 
completion retract the remaining structure and install the 
adapter/housing four “S~ fittings. 
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1.3.4 Deployment /Retraction Operations 

Thia •action provides a detailed description of the means by which the 
previously described design accomplishes controlled, automatic, bay-by-bay 
deployment ar.d retraction. While much of the forthcoming figures illustrate 
the test article in a horizonal attitude for drawing convenience, the 
deployment and retraction are most easily accomplished in the vertical mode as 
•uggeated in Figure 1.3-24. 

1.3.4. 1 Stowed Configuration 

Figure 1.3-25 illustrates a section through the test article in the stowed 
position. The adapter is nested to the jackscrew support frame which is 
captured between the adapter and housing. The adapter is fastened to the 
housing with eight eye-bolts into the four "S" fittings. Battens 1 through 9 
are captured (Figure 1.3-10} between the four rails as shown at the right, 
with each of the four half-nut threads engaged with each of the four stowed 
jackscrews. Battens 2 through 9 (all except Batten 1), have the eight detents 
per batten engaged. Finally, Battens 1 through 9 are positioned fore and aft 
such that they bear against each other, with Batten 9 bearing against the 
truss attach fitting. 

1.3. 4. 2 Deployment of Bay 1 

The deployment operation starts with removal of the eight eye-bolts and 
the start of clockwise rotation of the drive motor that rotates the four 
batten deployment/retraction system spline shafts which rotate the threaded 
jackscrewa. The kinematics is best explained by the analogy of a bolt and nut 
(Figure 1.3-26). Clockwise rotation of the bolt with the nut constrained from 
moving aft will result in forward motion of the bolt. Since the batten 
half-nuts are constrained from moving aft the jackscrew and attached carriage 
are pushed outward, i.e., to the left (Figure 1.3-25). Continued rotation 
will continue to drive the jackscrew and carriage to the left. At 196 + .001 
revolutions, the carriage locking pin, for each of the four carriages will be 
automatically engaged locking the carriages fore and aft. Concurrently, the 
jackscrew support frame and adapter have been driven forward. The forward 
motion of the adapter unfolds the four longerons and extends the four 
telescoping diagonals attached to it. The forward motion of the jackscrew 
support frace assembly extends the four telescoping tubes attached to it. At 
carriage locking, through the adjustments described in the assembly 
operations, the 12 members previously described will all be locked. The 
configuration is as shown in Figure 1.3-27 with Bay l developed, and the 
jackscrew support frame assembly rigidized. It is pertinent to note that the 
jackscrew threaded length is such that the Batten 1 half-nuts are on the aft 
101.6 mm (4 in.) of the jackscrews. This phased development is noted as (1) 
on Figure 1.3-31. 
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Figure 1.3-25. Test Article Packaged Configuration 
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Figure 1.3-26. Bolt/Nut Analogy at flatten 
Deployment/Retraction System 



Figure 1 . 3—27 . Configuration at 
Deployment of Bay 1 
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1.3.4. .3 Deployment of Bay 2 

The analogy of the bolt and nut can also illustrate the deployment of Bay 
2. For this stage of deployment the analogy consists of the bolt restrained 
longitudinally. A counterclockwise rotation of the bolt will advance the nut 
forward. The carriage locks restrain the jackscriws; however, thfre is no 
constraint against forward motion of Batten 1 which is engaged with the 
jackscrew. Batten 2 is held in place by the eight detents. Deployment of Bay 
2 commences, therefore, by the commuter commanded drive motor rotating the 
four jackscrews counterclockwise. This rotation and the engagement with 
Batten 1 drive Bay 1 forward overwhelming the ball detents (on the drogue) 
that previously restrained the adapter. Batten 2, however, is held in place 
by the detents. The rotation is continued until 196 + .001 revolutions are 
counted by the encoder. It is pertinent to note that the encoder coun:ing 
accuracy of + .001 revolution represents a longitudinal positioning accuracy 
to .0064 mm T. 00025 in). At completion of ; .he 196 + .001 revolutions *■' s 
longerons and diagonals are locked completing the deployment of Bay . to the 
configuration shown in Figure 1.3-28. This phase of deployment is represented 
as (2) in Figure 1.3-31. In this configuration Batten 1 is fully engaged with 
101.6 mm (4 in) of the jackscrew forward end. Specifically, the forward face 
of the half-nuts is at the forward face of the jackscrew thread. The forward 
face of the four half-nuts on Batten 2 is at the aft edge of the jackscrew. 

1.3. 4. 4 Deployment of Bays 3 and 4 

The deployment of Bay 3 starts with the counterclockwise rotation of the 
four Batten deployment/retraction jackscrews- Thro. engagement of Batten 1 
with the jackscrew, as in Bay 2, the rotation drives che completed Bay 2 
forward by overwhelming the eight detents restraining Batten 2. The total 
restraining force (longitudinal component) of the detents can be set to vary 
from 180 to 1780 N. Since the half-nuts are 101.6 mm (4 in) wide during the 
first 16 revolutions both Batten 1 and 2 half-nuts are engaged with the 
jackscrew. After 16 revolutions only Batten 2 is engaged. Upon completion of 
the 196 + .001 revolutions Bay 3 is complete and is designated by (3) on 
Figure 1.3-31. At completion the Batten 2 and Batten 3 (held by detents) are 
located as shown in Figure 1.3-32 

1.3.4. 5 Deployment of Bays 4 through 10 

The deployment of Bays 4 through 10 is accomplished in the same manner 
except that the completed bay is located further and further aft, i.e., closer 
to the aft attach fitting. This is because the aft Batten at any completed 
bay is located as shown in Figure 1.3-33. The only other exception is that 
the carrier bay being 1.09 m (43 in), i.e., center to center of the Battens 
and containing 152.4 mm (6 in) half-nuts needs to advance only .94 m (37 in) 
to deploy. Hence, the number of revolutions shown on Figure 1.3-31 for phase 
(6) is 145 revolucions. 

1.3. 4. 6 Precompression System Operations 

Upon completion of deployment the precompression system can be manually 
activated to apply and deactivated to remove the precompression loading. 
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1.3.4. 7 Retraction of Bay 10 

The retraction operation starts with activation of each of the diagonal 
and longeron unlocking systems (Figure 1.3-29). Since the tripping devices 
are set 23.4 mm aft of the bay longeron and diagonal latch faces, rotation of 
the jackscrews with a pitch of 5.08 mm (.20 in.) advances the probes to 
contact the latches. Continued rotation advances the tripping devices which 
rotate the latch mechanisms that depress the locking pins. At the proper 
phasing (to be determined during the ground test deployment/ retraction 
operations) the batten deployment/retraction jackscrews will be rotated 
clockwise (Figure 1.3-31). The rotation through engagement of the four 
half-nuts of Batten 9 will drive Batten 9 aft towards the housing. In the 
initial stages the batten closure further depresses the locking pins. The 
rotation continues until Batten 9 is driven into the housing and over the 
detents and repositioned. The spring activated detents again retain the 
batten. At 223 rpm the retraction of Bay 10 will occur in approximately 52 
seconds. During the first 16 seconds (approximately) the unlocking systems 
continue to advance forward until 20 revolutions are completed and the 
tripping devices are 25.4 mm from the face of the Bay 9 longeron and diagonal 
latch mechanisms. 

1.3. 4 . 8 Retraction of Bays 9 and 8 

The retraction of Bays 9 and 8 is accomplished in the same manner as 
Bay 10. 

1.3. 4. 9 Retraction of Bays 7 and 6 

The retraction of Bay 7 is the same as Bays 8, 9, and 10, except as shown 
in Figure 1.3-31, the unlocking systems are returned to the same position as 
at the start of retraction. This is due to the difference in length of the 
next bay, i.e., the carrier bay, and the Batten 6 half-nut length of 157.4 mm 
(6 in). This is illustrated by Figure 1.3-34, and the following calculations 
for A a which represents the required advancement of the tripping devices. 

The advancement from the start of Bay 7 to the start of Bay 6 retraction is 
determined from the equations: 

H 6 H 7 z 7 Z 6 
A a » ~2~ + T~ + ~T~ - ~T~ 

A a • 50.8 + 76.8 + 495.3 - 622.9 - 0 

The advancement from the start of the Bay 6 retraction to the start of the 
Bay 5 retraction is similarly determined as: 

A a » 76.8 + 76.8 + 622.9 - 495.3 « 281.2 mm (11 in) 

The 55 revolutions shown in Figure 1.3-31 accomplishes the required 
281.2 mm (11 in) of travel. 

1.3.4.10 Retraction of Bay 5, 4, 3 and 2 

The retraction of these bays is accomplished in the same manner as that 
described for Bay 10. 
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Figure 1.3-28. Configuration at 
Deployment of Bays 1 and 2 



Figure 1.3-29. Configuration at 
Start of Bay 10 Retraction 
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Figure 1.3-30. Configuration at 
Start of Retraction of Bay 1 
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Figure 1.3-34. Description of Unlocking 
Systems Required Advancement 


1.3.4.11 Retraction of Bey 1 

The retraction of Bay 1 ia unlike that of the other bays. The retraction 
starts with manual unlocking of the four carriage locking pins and four 
jackscrew support frame diagonals and advancement of the unlocking systems to 
unlock the Bay 1 four longerons and four diagonals. At the proper phasing (to 
be determined in the ground tests) the deployment/retraction batten system 
motors are rotated counterclockwise 32 revolutions thereby retracting Bay 1 
203.2 mm (8.0 in). Any further retraction is delayed until the extended 
unlocking system carriages are retracted back into the housing (210 
revolutions). At the appropriate phase the remaining 164 batten system 
jackscrew revolutions are accomplished thereby completing the retraction of 
the structure. At this point insertion of the eight eye-bolts can reattach 
the adapter frame to the housing. 

1.4 TEST ARTICLE MASS PROPERTIES 

To support the planning of a future ground test program and future space 
applications studies a mass properties analysis was performed. The results of 
the analysis are summarized in Table 1.4-1. The masses shown were determined 
by detailed mass properties analyses of all the drawings, except for the 
adapter, utilities tray, and jackscrew support frame assembly which were 
estimated from the original layouts. The values shown represent the 
calculated masses with no allowance for tolerances. 

It is also pertinent to note that minimum cost of the test article was 
regarded as more significant than minimum mass, provided there was no 
compromise in the reprei. station of concept performance. For example, the 
four rails in the batteu deployment/retraction system are heavier than 
necessary to minimize machining cost without any deleterious impact on 
performance. The same is true for the main housing structure wfiich is 
fabricated with 2.3 mm skius to minimize the addition of stringers for panel 
stiffness. 

Table 1.4-1 also illustrates the potential mass reduction associated with 
removal of the systems required for retraction. Figure 1.4-1 illustrates the 
scope of those reductions. 

1.5 STRUCTURAL ANALYSIS 

The structural analyses performed during the Part 2 phase of this contract 
directed the subject ground test article's conceptual and detailed design. 

This section describes the structural requirements concept reviews, and an 
overview of the major analyses performed to assure design compliance with the 
requirements. A copy of the detailed structural analyses, performed to 
support the drawing production, is contained in the Volume III Appendix. 

1.5.1 Requirements 

Figure 1.5-1 illustrates the major limit-loads location and orientation 
that established the design internal loads. These are the loads that will be 
applied to the ground test article at the conclusion of deployment/retraction, 
stiffness, and modal survey tests. 
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Table 1.4-1. Test Article Predicted Nl'fs (kg) 


COMPONENT 

NO. or PARTS 

TOTAL MASS 

MASS WITHOUT 
retraction SYSTEM 

OEPLOTAILE TRUSS 

1 

384 

349 

•longerons 

40 

138 

114 

•DIAGONALS 

44 

133 

122 

•RATTENS 

9 

83 

83 

•CARRIER 

2 

30 

30 

ADAPTER* 

I 

47 

47 

DEPLOYMENT/ RETRACT ION 

4 

185 

IBS 

SYSTEM 




JACK3CRCW SUPPORT FRAME 

1 

26 

26 

ASSEEXLY* 




MAIN HOUSING 1 EQUIPMENT 

1 

31S 

233 

•STRUCTURE 

1 

200 

199 

•UNLOCKING SYSTEMS 

8 

$S 

0 

•PRETENSION SYSTEM 

1 

14 

14 

•MOTORS l EQUIPMENT 

3 

46 

20 

UTILITIES TRAYS* 


21 

21 

•CARRIER 

1 

10 

10 

•TYPICAL 

1 

11 

11 

TOTAL 


978 

861 


DIAGONAL UNLOCKING SYSTEM 


r\. 





REMOVABLE SYSTEM 


SHADED AREA DENOTES DELETED PARTS 


ASSOCIATED MOTORS. ENCODERS, TACHOMETERS, 
MICROMOTION MOUNTS, CHAIN 6 SPROCKETS 
NOT REQUIRED 



Figure 1.4-1. Retraction System Equipment Deletion 
for Design Without Automatic Retraction 
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The significant structural requirements are listed as follows: 

o The structure shall sustain without detrimental deformation: 

(1) The loads occurring during deployment in the vertical or 
horizontal mode (with appropriate supports during deployment). 

(2) The worst combination of the internal loads derived from the 
loading shown in Figure 1.5-1 in conjunction with limit 
precompression system loads. 

(3) The placement of the 3636 kg simulated payload carriers supported 
as shown in Figure 1.3-18. 

(4) A 6g acceleration applied to the stowed configuration along any of 
the three major axes (one axis at a time). This is representative 
of the Shuttle quasi-static launch load environment. 

o The structure shall sustain the above conditions upon application of 
ultimate load. The ultimate loading is the above described limit 
loading mutiplied by a factor of 1.5. 

o Provide a minimum natural frequency, in the stowed configuration, of 10 
Hz. This requirement is to provide frequency separation with the 
orbiter to minimize quasi-static loads to no more than 6 g. 

o Provide a design minimum natural frequency, in the deployed 

configuration shown in Figure 1.3-18, of .10 Hz. This requirement is 
applicable to the configuration with che precompression system cables 
tensioned to 1780 N. 

o Perform trouble free deployment/retraction operations in a controlled 
environment, i.e., room temperature (10°C) 

1.5.2 Concept Reviews 

The significant concept structural analysis reviews that directed the 
design to its present form are described herein. 

1.5.2. 1 Truss Configuration 

The selected truss member arrangement was determined from consideration of 
the two major options shown in Figure 1.5-2. Configuration (a) represents a 
design in which the member arrangement permits all the joints to be 
identical. This configuration also has all the diagonals oriented in the same 
sense with regard to the approach of the diagonal unlocking tripping devices. 
These two advantages, however, were less significant than the advantages of 
the selected configuration (b). The most significant advantage, and alone 
sufficient to favor selection of configuration (b), is that precompression of 
the longerons, by the precompression system, will also induce compression in 
the diagonals. In configuration (a) there can be no precompression of the 
diagonals since it would create an unbalanced torque. In this case the 
shortening of the longerons is accommodated by torsional rotation of the 
batten frames. The selected configuration also experiences reduced longeron 
loads due to torsional moment. For the applied limit loads shown in Figure 
1.5-1, the total longeron load is reduced by 17%. 
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With Che selected configuration no loads are imposed on the batten members 
by the diagonals, which, in conjunction with the reduced longeron loads, 
provide increased torsional stiffness and hence a higher torsional frequency. 

The arrangement and configuration of the diagonals within the battens were 
also studied, particularly in relation to the development of precompression of 
the major truss diagonals. A pair of X-braced tension cables, as configured 
in the Part 1 selected design, does not provide the required AE to develop 
sufficient precompression in the truss major diagonals. The phenomenon is. 
illustrated in Figure 1.5-3. The development of precompreasion in the 
diagonals is dependent on the extensions! stiffness of the batten since any 
induced compression in the diagonals would have the resultant loads shown in 
Section A-A. The most direct approach is to place the diagonal along the lina 
of the resultant load, theruby negating Che flexibility of members 1-2, 2-3, 
3-4, and 4-1. Hence, placement of the batten diagonal along the lines of the 
resultant force is the selected design for each batten frame. The sensitivity 
of the developed diagonal compression force to variations in the design are 
shown in the table of Figure 1.5-3. 

1.5. 2. 2 Precompression System Concept 

A precompression system utilizing a pair of bungees and tension cables was 
chosen as Che method to remove joint slop because it is current technology, 
and, hence compatible with the goal of FY 1986 technology readiness. The 
removal of joint slop is required uot only to preclude a loss of stiffness but 
also, and most important, because a structure with slop is dynamically 
unpredictable. Another significant advantage of the precompreasion system is 
that it permits joint slop during deployment. This is very advantageous to 
the in-space deployment of the prototype design, which is indeterminate, since 
it can accommodate the member length changes (graphite composite members) 
during deployment. An indeterminate structure with no joint slop during 
deployment, experiencing thermal-induced length changes, will not deploy 
unless adequate force is used to accommodate the dimensional changes by 
internal load induced deformation. A determinate structure can deploy with 
tight joints, provided there is no binding, without any forces required. 

The precompression system is designed to induce and maintain sufficient 
precompression in the longerons and diagonals, throughout the application of 
control system loadings, in systems for which precise control is required. 
Rockwell's large space structures studies (References 2 and 3) have indicated 
these forces generally result in longeron and diagonal loadings below 1600 and 
200 N respectively. A simple example that illustrates this is that of a 
cantilevered square truss 50 m long and 1.25 m deep. RCS thruster forces can 
be 4.45 N (1,0 lb) or at most 44.5 N (10 lb). A 44.5 N force shear exerted at 
the end of this beam would result in a longeron load of 890 N (neglecting 
shear relief due to acceleration of the payload mass). The worst diagonal 
forces would be due to torsion. To exceed the 200 N precompression, two equal 
and opposing thrusters of 44.5 N would have to be 7.90 m apart. The exception 
to the foregoing are loads incurred during hard docking. The control 
requirements for hard docking, feasibility of berthing, or attenuation is 
beyond the scope of this study. Assuming that the control requirements during 
hard docking do not require precompression throughout the structure, a tension 
in the precompression system cable of 1780 N was established. This does not 
mean that higher values are not possible. However, higher precompression 
loads result in higher total longeron and diagonal design loads. 
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The system contain* a pair of compression springs that each have a spring 
constant of approximately 88 N/cm, The low spring constant will minimize 
variations in the precompression of a future flight article despite differen- 
tial strains between the longeron and cable due to either load, thermal 
variations or creep. For example, a J0*C uniform temperature change in an 
aluminum longeron (worst case) would cause a total length change of 9.5 tan, 
and a load change of 63 N which is a percentage change of 4.6, which is 
certainly acceptable. 

1.5. 2.3 Concept Suitability-Launch Loading 

Figure 1.5-4 illustrates the pertinent featu-os of the prototype design in 
the stowed configuration. Any of the three orientations relative to the 
arbiter are possible. Referring to the references axes shown in the figure, 
the following comments are appropriate to the support of the components for 
loads directed along the X-axis. 

o For a prototype design the adapter will be latched to the main housing 
with latches designed for the peak X-axis loading. 

o The jackscrew support frame is captured between the adapter and main 
housing. 

o The screwjacks and carriage are constrained by the pawl (Fig 1.5-4). 

o The battens are constrained (forward) by th« half-nut engagement with 
the screwjack and (aft) by bearing on the truss attachment fittings. 

The half-nuts of all the adjacent battens are in contact during launch. 

o The longerons are constrained by bearing on each other with transfer of 
load to the transverse beams on the adapter (forward) or on the 
transverse beams (aft) on the houaing. 

o With a full complement of utilities trays, the trays are constrained by 
bearing on each other with transfer to the some end beams used to 
support the longerons. 

o The diagonals and battens are constrained by their end clevis 

attachments to the half-nuts and each acts as simple beams between the 
ends . 

The following comments are appropriate to the support of the components 
for loads directed along the Y and Z axes. 

o For a prototype design Y and Z directed loads will be transferred from 
the adapter to the jackscrew support frame ar.d into the main housing 
through bearing on suitable shoulders between Che components. 

o The jackscreva are constrained at their ends by bearing on the adapter 
and attachment to the carriage which is laterally supported by the 
guide rail. The jackscrew acts as a beam between these two ends. 

o The battens are constrained by the half-nuts bearing on the faces ot 
the rails (Figure 1.3-10). 
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Figure 1.5-3. Batten Diagonal Load Paths 



Figure 1.5-4. Potential Lauiich 
Configuration Features 
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o The longerons are constrained by the fittings provided on the utilities 
trays (Figure 1.2-2). 

o The trays are constrained by the support provided by the b*rten meir ^ s 
(Figure 1.2-2). 

o The diagonals and batten individual members are constrained by their 
end clevis attachments to the half-nuts and each act as simple beams 
between their ends. The longeron halved act as simple beams between 
their end clevis attachment and the attachment to the utilities trays. 

1.5. 2. 4 Root Strength During Deployment and/or Retraction 

Figure 1.5-5 illustrates the load path during deployment operations 
subsequent to deployment of the jackscrew support from assembly. (The load 
paths during deployment of the jackscrew support frame assembly were discussed 
in Section 1.3. 1.3.) Bending moments about the pitch or yaw axes are 
transferred from the truss longerons of the last deployed bay to the half-nuis 
and onto the jackscrews through bearing on the engaged threads. This results 
in axially applied loads tJ the jackncrew which are transferred to the 
carriage and into the rails through the carriage locking pins. The rails 
transfer the load into the housing through attachment to the frames. Lateral 
shear, or torsion induced shears, are transferred from the diagonals of the 
last deployed bay to the jackscrews through bearing from the half-nuts. The 
lateral load is transferred through bending of the jackscrew to the carriage 
and to the jackscrew support frame. The lateral load at the carriage is 
transferred into the rails through bearing on the carriage ears. The lateral 
load at the jackscrew support frame is transferred to the housing frames 
through the diagonal braces. During retraction operations, prior to 
retraction of the jackscrew support frame assembly, the same load paths are 
available. 

1.5. 2. 5 Dimens i - ~.il Compatibility - Spacing of Adjacent Batten Half 
Nuts/P., h o. Jackscrew Thread 

A critical requirement of the mechanization system is the maintenance of 
the longitudinal distance between the corresponding points on the half-nut 
threads of adjacent battens (for each of the four pairs of half-nuts) with the 
mating threads on the jackscrews. Failure to satisfy this requirement would 
preclude engagement of the aft batten half-nuts during deployment, and 
engagement of the forward batten half-nuts during retraction. The requirement 
and the design solution are illustrated in Figure 1.5-6. The thread of the 
half-nuts has a radius 1.57 mm (.063 in) larger than the jackscrew. The 
larger radius with a 1.57 mm radial separation will provide a 0.76 mm (.030 
in) longitudinal clearance when assembled as described in Section 1.3.3. This 
is accomplished through adjustment of the longeron and diagonal turnbuckles. 
This assembly will be accomplished in a room temperature environment of 24 + 
10°C (75 + 18°F). 
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Figure 1.5-6. Adjacent Hal£-Nut to Jackscrew Clearances 
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Deployment and retraction operations should be performed in the same 
environment. The three potential future deviations from the assembled 
condition can be due to length changes from differential thermal expansion, 
jackscrew pitch variation aa the battens move along the jackscrew, and 
longeron joint slop affects on longeron length. 

o The worst case for thermal expansion would * assemble at 34°C and 
deploy/retract at 14*C or the opposite extreme ndition. A 2Q°C 
temperature change will result in a 0.30 mm (0.012 in) differential 
length change over the 1.35 mm length. 

o For the typical bay of 1.35 m the half-nuts adjacent battens are both 
engaged for a length of 50.8 mm (2 in) while for the carrier bay this 
length is 203.2 mm (8 in). In both cases this ,.s half the full travel 
length but representative of the deviation from the assembled condition 
(Section 1.3.3). Reference 4 indicates the maximum jackscrsw pitch 
variation across 203.2 mm is 0.018 mm (0.007 in). 

o The potential change in length, of the longeron, due to joint slop at 
the two end clevises and two center pivots pins (4 pins, 8 holes) is 
0.16 mm. This was determined by calculating the maximum gap between 
each smallest pin and the two largest holes and taking the square root 

of the sum of all the squared values of the gaps. 

Numerical addition of the 0.30 mm, 0.018 mm, and 0.16 mm deviations 
results in a total of 0.48 ism, which is less than the initial value of 0.76 mm 
and acceptable. 

From the foregoing discussion, however, it is evident that it is critical 
to maintain the radial separation of 1.57 mm between the threads of the half- 
nut and jackscrew. A closer view of this problem indicated a small increase 

(0.34 mm) in the radial separation is permissible since it does not decrease 
the longitudinal clearance of 0.76 mm, and engagement is maintained at the 
sides and most of the half-nut. A decrease in the radial separation of the 
threads does decrease the longitudinal clearance. 

During deployment this concern is applicable at the aft face of the 
jackscrew thread, where the aft batten comes onto the jackscrew. During 
retraction this conce-n is applicable at the forward face of the jackscrew 
thread, where the forward batten must mate with the jackscrew. 

For the aft region, during assembly, che rails can be shimmed laterally 0 
to 0.05 mm of true position. Arithmetic additions of the tolerances between 
the rail to the carriage and the carriage to the jackscrew add up to _+ 

0.175 mm (laterally). For the forward end the jackscrew support frame, 
ferrule locations (Figure 1.3-12) and .ferrule to jackscrew thread tolerances 
arithimetically add up to 'J.165 mm la . t illy. The batten half-nut location 
thread tolerances add up to ^ 0.30 •nm t lateral). A statistical calculation of 
the resultant radial (not li'.ere ‘ c aviation is 0.34 mm (0.0136 in). 


Since all the structure affecting the lateral stability of the ground test 
article is aluminum, no significant differential thermal distortions are 
anticipated. For a prototype flight article using low CTE materials the same 
conclusion applies. 

However for a flight article with an aluminum housing and truss, a detailed 
thermal analysis is required to determine the magnitude of differential 
thermal distortions. This will determine whether it is necessary to decrease 
the pitch of the jackscrew thread to 9.5 or 12.7 mm (0.5 in.) to achieve a 
thread depth up to 6.35 mm. This would permit an increased radial separation 
and longitudinal thread gap up to 1.5 mm. This does not preclude the need for 
a thermal curtain (Section 1.3.2). 

A radial closure of 0.34 mm will result in a reduction of the 0.76 mm 
longitudinal gap by 0.14 mm to 0.62 mm. Since the foregoing analysis 
indicated a total longitudinal closure of 0.46 mm, Che design is adequate. 

1.5. 2. 6 Torque Requirement for Deployment/Retraction System 

The output torque required for the batten deployment/drive system of the 
test article was determined for vertical deployment without any ballast. The 
torque requirement was determined to lift a truss mass of 454 kg and overcome 
a batten detent resistance of 1780 N. The equivalent force is 6230 N (1400 
lb). The classical jackscrew analysis equations extracted from Reference 5 
defines the required torque as 


T * Wr tan ($ + 9 ) where tan 9 ■ pitch/ir r 

and U is equal to 6230 N, r in the jackscrew radius of 25.4 mm, and if is 
determined from the coefficient of friction (tanf ■ .14). Based on the 
foregoing a peak torque requirement of 26 Nm was determined. The use of a 
coefficient of friction of 0.14 is considered to be conservative. The 
determination of the required output torque for the unlocking systems is 
presented in Volume III. 

1.5. 2. 7 Drive Chain Deformation Implications 

The drive chain used is a Browning No. 35 (3/8 in. pitch) stainless-steel 
roller chain. The tensile strength capability of this chain is 9345 N (2100 
lb), with a life of 15000 hours. These capabilities are greatly in excess of 
the requirements. Of concern was the magnitude of chain slop and axial 
deformation in regard to its affect on the relative accuracy of the position- 
ing of the jackscrews. The slop will be eliminated by a chain pretension from 
223 N (50 lb) to 446N (100 lb). The peak maximum load in a chain due to the 
maximum output torque is 845 N (Volume III). This is less than the chain 
allowable working load of 934 N. 

A total axial deformation of 0.467 mm was deter- 'ned for the loads 
developed in the chain due to the applied torque. This deformation, and an 
additional 0.24 mm for wear (100 operations), will cause a deviation between 
the longitudinal position of the worst jackscrew relative to the motor-driven 
jackscrew of 0.014 mm (0.0006 in) which is acceptable. 
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1.5. 2. 8 Chain Drive Considerations 

During operation of the three chain drive configuration shown on the top 
assembly drawings, it is essential that adjacent chains do not touch. Hence, 
any dynamic amplification must be limited to the clearance envelope provided. 
The forcing frequency of the chain is determined by NS/60 where N is the 
number of teeth on the sprocket and S is the sprocket revolutions per minute. 
The frequency at 225 rpm is 131 Hz and at 75 rpm is 44 Hz. A chain pretension 
of 445 N provides a minimum chain frequency of 12.8 Hz, i.e., an order of 
magnitude below that of the forcing frequency. Therefore, it is not practical 
to provide a chain frequency above the forcing frequency. 

It is expected that buildup and decay of the shaft rpm will occur in no 
more than 2 seconds. This will result in a forcing frequency of 8 to 18 Hz 
for .15 second, i.e., the time for two cycles of chain vibration at 12.8 Hz. 
This is not expected to cause any significant amplification, in the presence 
of the lg static loading. However, if the amplication is significant guide 
supports can easily be added during the assembly and checkout stage of the 
test article. 


1.5. 2. 9 Test Article Internal Loads 

A NASTRAN model of the ground test article from which the internal loads 
were established is presented in Figure 1.5-7. The model represents the 
configuration of Figure 1.2-1 and the loading shown in Figure 1.5-1 plus the 
addition of four 1780 N end loads representative of the precompression system 
loading. The design limit compression loads, obtained directly from the 
program are delineated as follows. The ultimate design values used are also 
shown. 


Longerons 

Diagonals 

Typical Batten Members 
Batten Diagonal Brace 
Payload Carrier Batten 


13,800 N limit, 20,700 N (4650 lb) ultimate 
6,750 N limit, 10,125 N (2275 lb) ultimate 
0, 2,140 N (480 lb) ultimate 
0, 1,000 N (225 lb) ultimate 
0, 13,350 N (3000 lb) ultimate 


The 13,350 N column load capability is provided to permit use of a 
spreader beam (if necessary) below the truss to support the simulated payload 
carrier. It is derived from 1/4 the 3636 kg mass, and a safety factor of 1.5. 

The model also indicated a peak lateral deflection of 43 mm (1.7 in), at 
point A (Figure 1.5-7) in the direction of the applied loads. The angle of 
twist, of the plane at point A, about the longitudinal axis was 0.9 degree. 
Further, for future ground test planning, the predicted spring constant is 
400 N/cm. 
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1.5.2.10 Modal Analysis 


A modal analyses was performed using the NASTRAN model shown in Figure 
1.5-7. The 3636 kg simulated payload carrier c.g. was located as shown in 
Figure 1.3-18. The first, second, and third modal frequencies were 0.40, 
0.405, and 1.4 Hz. 

The first mode exhibited a combination of lateral bending and torsion. An 
analyses t , determine the sensitivity of the first mode value to payload 
carrier moment of inertia variations indicated the following: 


ixx 



First Mode 
Frequency Hz 


3320 nm 2 
6640 nm 2 
13280 nm 2 


3018 nm 2 
6036 nm 2 
12072 nm 2 


1210 nm 2 
2420 nm 2 
4840 nm 2 


0.410 

0.408 

0.400 


1.5.2.11 Internal Loads - First Mode Behavior Modal Survey 

For future test planning the internal loads anticipated for the longerons 
and diagonals during a modal survey are summarized in Table 1.5-1. The 
magnitude of the precompreseion in the longerons and diagonals depends upon 
the initial compression inouced by the precompression system and the amplitude 
of steady state modal excitation. It is assumed that during the modal test 
only the lowest cantilevered mode of che truss will be excited. In order not 
to introduce any non-linearity in the system, i.e., sloppy joints, it is 
required that the longeron and the diagonals should always be in compression. 
The NASTRAN math model of Figure 1.5-7 gave the internal load distributions 
for cantilevered deflections of the truss. From this various amplitudes of 
excitation were selected, such that the longeron and the diagonal always 
remained in compression during the test. The mass of the truss was considered 
to be neglible compared to the mass of the payload. 

A review of the table indicates all the members are in compression if the 
peak deflection at point A does not exceed 6.25 mm. 

1.5.2.12 Diagonal Assembly Structural Analysis Issues 

The diagonal assembly structural analysis reviews contained the following 
significant structural analyses and design concerns. 

(1) During deployment, how much spring force is required during the last 
6 mm of stroke to ensure full deployment of the spring activated locking pins? 

(2) How much outward spring force can be tolerated by t - outer tube wall 
design? 

(3) What are che load implications of the radial tolerance between inner 
and outer tube walls and the associated local tube stiffness affects? 

(4) Was a room temperature cured adhesive joint suitable for attachment 
of the telescoping tube to the center joint fittings? 
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Figure 1.5-7. Test Article NASTRAN Model 


Table 1.5-1. Predicted Loads During Modal Survey 



CABLE PRECOMPRESSION (N) 


1 9 

450 

1 900 

1800 

CONTROL MODAL DISPLACEMENT 

| . ELEMENT MINIMUM AND MAXIMUM 

LOAOS 

CRITICAL ELEMENTS 





•1.56™ 





1 . LONGERON 

£289 

-645 

•67 

-1000 

-423 

-1713 

-1135 

2. DIAGONAL 

±42 

-106 

-23 

-m 

-87 

-300 

-216 

• 6.25 n*n 





1 . LONGERON 

*'157 

-tsn 

+801 

-1869 

♦445 

-2580 

-267 

2. DIAGONAL 

±167 

•232 

♦102 

-296 

♦38 

-425 
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These questions were resolved sa follows: 

(1) A conservative estimate of the potential force required during the 
last 6 mm of stroke was determined a follows: 


The major concern t as applicable to a potential flight article using a low 
CTE diagonal of graphite composite. [(An aluminum design is expected to 
require a deployable curtain on the jackscrew support frame assembly (Section 
1.3.2)J. The concern is generated from the potential thermal-induced change 
in- one diagonal members length during on-orbit deployment. For a 6Q # C change, 
the change in length is estimated to be 0.13 mm (0.005 in.). For all other 
components being aa-built the force capability in the diagonal needed to 
overcome this length variation was determined for the following NASTRAN Models 
(assuming no joint slop). 


1st bay deployed 
In 2nd bay with 2 bays deployed 
In 9th bay with nine bays deployed 
In 10th bay with 10 bays deployed 


0 (structure is determinate) 
49 N 
73 N 
124 N 


The larger force in the 10th bay is due to the rigidity of the housing. 

In the foregoing section, a potential longeron length change, due to joint 
slop was determined to be 0.16 mm. Using only 0.04 mm a virtual work analysis 
indicates that such a slop can accommodate the entire 0.13 mm variation. 
Therefore, the 124 N value was considered too high. A design goal of 73 N 
appeared more reasonable and was established (See Volume III). Friction 
effects are expected to be small by comparison. 

(2) Analysis of an outer tube wall of 1.75 mm (0.068 in.) exposed to a 
force of 9QN indicated a stress level of 1310 N/cm^ (1900 psi).. A 
gauge of half that value would experience four times that stress 
(still acceptable even for a composite constmction design). The 
analysis was accomplished with a NAS TRAN model. THe 90 N force 
represents the outward load of the compressed spring (Figure 1.5-8). 
The plunger head is rounded to reduce friction and contact stresses. 

(3) Figure 1.5-9 illustrates the main features of the analysis to 
determine the implication of tolerance between the inner and outer 
center fittings and local stiffness affects on the strength of the 
diagonal tube. The concern is the potential magnification of the 
initial deflection as ultimate load is approached. The initial 
center deflection due to a radial gap of 0.125 mm (0.005 in.) between 
the inner and outer sleeve is 1.27 mm (.05 in). With provision of 
rings at the bearing lines, and accounting for ring local deflection, 
a peak deflection at ultimate load of 5.3 mm (.21 in) was obtained. 
The acceptable stresses compatible with this deflection are 
illustrated in Volume III. 

(4) Figure 1.5-10 illustrates the test configuration and results of 
development tests performed upon three simulated bonded joints. The 
lowest developed strength was 5.3 times greater than the ultimate 
diagonal load. 
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NOTE: APPLY HB01 20-008 BOND PER 
KA01 05-305 GRADE A TO 
TAPERED AREA OF PLUG AND TUBE 




RESULTS 

SPECIMEN - 54736 N 

SPECIMEN 2 - 64970 N 

SPECIMEN 3 - 53400 N 

(DESIGN BONO ALLOWABLE- 
J' 9.2 N/c* 2 - ACTUAL STRESS 
1 0 N/c* TO 2207.2 N/ci* 2 ) 



VENDOR WILL DO SAME i 
TESTS ON SAME SPECIMENS 
PROVIDED BY ROCKWELL 


Figure 1,5-10. Telescoping Diagonal Adhesive 
Joint Test Results 






1.5.2.13 Longeron Assembly (Drawing 42712-120) 

The longern aaaambliea structural analyaia reviewa contained the following 
aignificant structural analyaia concerna. 

(1) During deployment arc the apring forces provided during the laat 1/2 
degree of longeron rotation adequate to enaure aide plate locking? 

(2) Does the center joint aide plate design, in conjunction with the 
reduced flexural atiffneaa in the rod ends, provide sufficient rigidity 
compatible with the required ultimate load? 

(3) How much initial deflection is associated with the tolerances of the 
center joint design, and what are the consequences at ultimate load? 

These questions were resolved as follows: 

(1) The spring force in the plungers provide a lateral force of 47.9 N 
(10.7 lb). The couple arm is 110 mm (Figure 1.5-11) hence, a torque 
capability of 527 n cm is provided. The two major sources of opposing 
friction torque are the two rod end clevisea and pivot pins. An upperbound 
estimate of the friction torque at each source is provided by the torque 
breakaway data in rod end bearings (Reference 6). For the rod ends used this 
value is 170 N cm thus requiring a total for breakaway of 680 N cm. Since the 
longerons are already in motion, the 527 n cm provided is expected to be 
adequate. 

(2) Figure 1.5-12 summarizes the analysis method performed to verify the 
column suitability of the longeron design. A NASTRAN model of the center 
splice joint was made and used to join two halves of a constant 
moment-of-inertia tube. The column capability determined was used to define 
an equivalent flexural stiffness E2^2 aa abown in the figure. 

E ^1 j_ represents the equivalent flexural stiffness of the earlier 
rod-end turnbuckle design. This hand analyses was performed using the 
equation shown where P is the critical column load. A value of 29,700 N was 
obtained. This analysis is based on the improved rod end to turnbuckle design 
which provides an increased Ejli and a shorter effective length 2 ^ 

(Figure 1.5-12). 

(3) Figure 1.5-11 illustrates the tolerances upon which an analysis of 
the worst possible initial deflection, at the center of the longeron, was 
made. The initial deflection calculated was 3.63 mm by assuming the pivot 
pins and spring plungers have the minimum values and the sleeves the maximum 
values. Using an ultimate column capability of 29,700 N the magnified 
deflection at an ultimate load of 20,700 N was determined to be 11.95 mm from 


A l m A 
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where P u i t end P cr are respectively the applied ultimate load end Euler 
column critical load and A £ ia the Initial deflection. The atreas 
analysis baaed upon this condition la presented in the appendix of Volume III. 

1.5.2.14 Diagonal to Batten Attaclment Stiffness Analysis 

While all the center llnea of the longerons, diagonals, batten members, 
and batten diagonal braces lnteraect at a common point, the clevis to which 
the main diagonal? are attached sustains shear and bending deformation during 
transfer of diagonal loads (Figure 1.5*13), The clevis configuration is as 
shown to provide clearance for the longerons. To assure that no significant 
lose of torsional stiffness would be incurred due t< "he aforementioned local 
effects the vertical deflection due to vertical ah *s determined as shown 
on the figure. 

The percentage due to local affects (l.e., the last three terms) was less than 
3 OX which is certainly acceptable. 
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Figure 1.5-13. Diagonal Clevic Deformation Implications 
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2. DEPLOYABLE VOLUMES 


Space Station configurations developed in NASA and industry studies have 
depicted OTV hangars and manned modules (Figure 2.0-1). The OTV hangers are 
too Large to be packaged into the orbiter, hence, the need for either a 
deployable cr erectable design. The sise (approximately 8 m in diameter and 
12.2 m long), however, does not invite the use of a space-fabricated design. 
Each of the manned modules presently configured is approximately 4.5 m in 
diameter and 12.5 o long and, therefore, can be placed into the orbiter 
without folding. This is accomplished at a significant increase in launch 
cost compared to a deployable manned module. For example, two manned modules, 
such as previously described, require two Shuttle launches compared to only 
one Shuttle launch of an equivalent deployable module. However, the 
deployable modules structural systems are more complex, require additional 
specific sealing techniques, and will require on-orbit installation of 
partitions and systems. 

The goals of this deployable volumes study, for an OTV hangar, therefore, 
were : 

o To establish the major design driver requirements for the OTV hangar 
design 

o To develop candidate deployable and erectable OTV conceptual designs, 
that satisfy these requirements, utilising hard shell and inflatable 
constructions 

a To select for future development the most suitable of the developed 
designs. The selection was to be accomplished through a 
systematic/traceable process, similar to Chat used in Part 1. 

The goals of this deployable volumes stvdy for manned modules were: 

o To obtain from Che Rockwell Space Station study (Reference 7) and the 
NASA study documentation (Reference 8) the major design driver 
requirements. 

o To define, through collection and collation of Rockwell's Space Station 
study, definition of a manned module, a description of a baseline 
non-deployable (conventional) manned module design. 

o To develop a hard-shell deployable and an inflatable design that 

provide the same combined capability as the two baseline modules shown 
in Figure 2.0-1. 

o To compare the developed deployable designs with the baseline design 
and to select the most suitable design through a systematic/traceable 
selection process similar to that used in the Part 1 study. 
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The OTV hangar concepC development utilized the following information 
obtained from the Part 1 study: 

o The concept, developed in Part 1. of providing a Space Station docking 
port structure with ingritsa/egreaa between the station and hangar, with 
integral provision of an astromast for OTV ingress/egress, and integral 
umbilical* for fueling the OTV, was maintained. 

o Concepts 1, 3, and 6 developed in Part 1 (Figure 2.0-2) were developed 
in further detail. 

o The OTV hang'.r unpressurized, deployed configuration concept was 

maintained in which with the aft end is open and oriented toward earth. 

o The pertinent questions raised in the Part l study concerning 
unpressurized inflatable structures were presented to Goodyear 
Aerospace Corporation for resolution (Reference 9). 

The manned module development utilized the following information obtained 
from the Part 1 study: 

o The concept of a large rigid strongback, onto which either a deployable 
hard-shell or an inflatable shell is to be mounted, was maintained. 
Within this strongback are mounted the conglomeration of ECLSS air 
revitalization, humidity control, water reclamation, waste management, 
food preparation, electrical power, thermal control, and crew systems 
equipment. 

o Concepts 3 and 5, developed in Part l (Figure 2.0-3), were developed in 
further detail. 

The study was directed by the following major goals: 

o Development of a design for the early 1990's i.e. , a design requiring a 
minimum of technology development that can satisfy the requirements 

o Strive for minimum usage of orbiter cargo bay length 

o Utilize EVA where complexity can be significantly reduced 
2.1 OTV HANGAR DEVELOPMENT 

The development of OTV hangar design concepts was directed by the 
established requirements shown in Figure 2.1-1. These requirements represent 
the best information available at the time, which was during the early months 
of the series of Space Station contracts. 

The drawings describing the concepts developed are contained in the 
appendix cf Volume III. 

All the concepts have an integrated central hub which contains the Space 
Station docking port with egress/ingress between the Space Station and hangar, 
an astronuat, and OTV refueling probes. Upon OTV approach the astromast is 
extended outward to the forward edge of the hangar. Three extendible struts 
stored in the docking device, mounted at the forward end of the astromast 
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Figure 2.0-3. Part 1 Manned Module Concepts 
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extend radially to the inner face of the hangar platforms until bearing on the 
platform is developed. The astromast is laterally supported and therefore has 
sufficient flexural stiffness to sustain OTV docking. Upon completion of the 
docking maneuver the astromast draws the OTV into the hangar for servicing. 

All the OTV platforms require longitudinal bracing and in-plane structural 
attachments to develop frame behavior in the platforms. In all the concepts 
this structural continuity of the frames is accomplished by EVA. In all the 
concepts, excepting only Concept 3, the longitudinal bracing is installed by 
EVA. 


A detailed description of each of the concepts developed is as follows: 

2.1.1 Concept 1 - Double-Folded Hard-Shell (Drawing 42712 - 1) 

Figures 2.1-2 through 2.1-4 describe the major design features of Concept 

1. Figure 2.1-2 illustrates the fully deployed configuration. The central 
hub fixture described above in this case also contains six telescoping braces 
used to laterally deploy the stowed configuration (Figure 2.1-3) to Che first 
stage of deployment. The braces also provide longitudinal support to the OTV 
hangar shell. The shell is comprised of twenty-four 50 mm-deep graphite 
composite faced honeycomb sandwich panels packaged as shown in Figure 2.1-3. 
The panels utilize graphite composite face sheets to minimize thermal 
distortions for assurance of post-deployment locking of the latches shown in 
Figure 2.1-4. 

In the folded configuration, which has a length of 5.6m, platfocm panels A and 
B arc in different planes to permit folding. Platforms are provided at the 
two ends and as shown in Figure 2.1-2. To accomplish the folding shown and 
permit deployment, the panels in Bays 2 and 3, during deployment, are attached 
only along the common circumferential edges. Hence, the latched details are 
provided as shown on Figure 2.1-4. Details 1, 2 and 4 present the concept of 
the latches required for structural continuity of the shell. Detail 3 
presents a concept for EVA installation of the struts as shown in Figure 
2.1-3. The configuration is supported in the orbiter by the fittings shown. 

A band clamp is also provided. 

2.1.2 Concept 2 - Double-Folded Curtain Shell (Drawing 42712-2) 

Figures 2.1-5 through 2.1-7 describe the major design features of Concept 

2. The deployed configuration is shown on Figure 2.1-5. Eight double-ended 
continuous longeron astromasts are used as the longerons to deploy the curtain 
shell construction shown in Figure 2.1-7 which uses 6.25 mm deep aluminum 
panels. The astromasts are laterally stabilized by sidewall frames at the 
ends and at the middle. During deployment the frames unfold radially as shown 
in Figure 2.1-5. A system of 16 sets of X-bracing is provided between the 
astromasts and frames to provide a trussed configuration. The X-bracing 
cables are tensioned by the final stages of astromast deployment. Discussions 
with AstroResearch personnel confirmed the feasibility of this approach. 

During and subsequent to deployment, the curtains span circumferentially to 
tension cables attached to storage r-.els mounted on the frames. Three sets of 
work platforms are attached to the folding frames as shown in Figure 2.1-6. 
Continuity of the frames is provided by self-latching devices or the frames. 
Installation of the longitudinal bracing supports requires EVA. 
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Figure 2.1-6. OTVH Concept 2 — Curtail Shell 
Double-Fold ( Stowed Configuration ) 







Similar to Concept 1, extendable Struts (telescopic braces) are provided 
to first laterally extend the packaged structure as shown in Section B-B of 
Figure 2.1-5. For this design eight struts are required',' i.e., one for each 
aatromast. Upon completion of this phase, and locking of the frame Joint 
latches, the astromasts are mechanized to longitudinally deploy the structure. 

The packaged configuration length as shown in Figure 2.1-6 is 3.6 m. A 
cradle is provided as shown in Figure 2.1-6 for support during orblter 
launch. Fittings are also provided on the hub structure. 

2.1.3 Concept 3 - Single-Fold Hard-Shell Design (Drawing 42712-3) 

Figures 2.1-8 and 2.1-9 illustrate the major design '.eatures of Concept 
3. This concept is primarily the simplification of Concept 1 achievable by 
deleting the longitudinal folding requirement at the cost of a significant 
increase in orbiter stowage length (14.5 m). While the significant launch 
cost penalty is appreciated, if a significant part of the available space 
shown can be used to place OTV spare parts, or other Space Station equipment, 
that penalty may be acceptable in consideration of the significant reduction 
of hangar complexity. In this concept the entire outer shell is monolithic 
except for the longitudinal hinges that permit the lateral folding shown. The 
panels are 50-mm-deep aluminum faced honeycomb sandwich structure panels. 
Thermal distortion in this design can be tolerated by the design of the common 
longitudinal hinges. 

The platform panels A, are folded up against the flat outer shell panels 
to permit folding as shown in Section A-A, Figure 2.1-9, In the deployed 
configuration these panels A and B are in the same plane. Longitudinal braces 
can be ground-installed; however, EVA is required for on-orbit attachment of 
panels A to B, and adjacent panels A to each other. 

As in the Concept 1 design six telescopic braces are provided for lateral 
deployment. The stowed configuration is shown in Figure 2.1-9 with provision 
for orbiter attachment. 

2.1.4 Concept 4 - Erectable Hard-Shell (Drawing 42712-4) 

Figures 2.1-10 through 2.1-12 describe the major features of this design. 
The outer shell of this design is built up from eighty-eight 18.8 mm (0.75 
in.) deep by 1.2 m x 2.9 m graphite composite faced honeycomb sandwich 
panels. Here too, graphite composite construction is used to ensure minimal 
thermal distortion during the erection process. The deployed shell is 
stabilized by work platforms at the ends and center of the configuration built 

up from frame panels as shown in Figure 2.1-11 (Stage 6). All the panels are 
stowed into the storage container space within the work platform enclosure, as 
shown in Figure 2.1-12. 

The construction is accomplished in the manner shown in Figures 2.1-10 and 
2.1-11, Stages 1 through 7. Extension of the platform for construction is 
accomplished by the aatromast shown, which also is used to provide 
ingress/egress for an OTV. 

The construction is accomplished by two astronauts and will proceed as 
follows : 

Referring to Stage 1, the platform container is extended to the position 
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shown in Stage 2. The end-hinged stowed panels ere deployed ss shown in Stage 
3 and joined to each other. The periphery of the end panela have provision 
for mounting of the first set of side panels as shown in Stage 4. The panels 
are fastened together by the studs shown in Figure 2.1-11 that are mounted 
onto a cable prior to attachment to the panels. Numerous other means for 
attachment are possible. The construction continues as shown in Stage 3. The 
placement of the panels is assisted by the guides and tabs shown in Figure 
2.1-11. In Stage 6 the installation of the platforms is shown. 

This construction has been conaervetively estimated to require 105 man- 
hours for each of the two astronauts for a total of 210 man-hours. This 
includes 18 man-hours for the work platform deployments. The estimate is 
composed of a nominal time plus a 302 contingency time to account for delays 
and uncertainties. A total of five hours nominal time for suit donning and 
doffing is included for each six hours of EVA (or less when breaks seemed 
advisable in the sequence). With the eight-psi pressure suit, such don-doff 
time may be reduced to two hours or less per six hours of EVA. The 
preliminary concept for procedures and assembly hardware could probably be 
significantly reduced (perhaps by 25 2 to 502} following further study and 
application of concepts using simple rods, tools, and latches, which would 
reduce the need for some crew relocation activity during assembly. Assuming a 
labor rate of $15,000 per man-hour the approximate cost for the worst case 
would be $3,150,000. With the use of a rotating platform, it is quite 
possible that this time can be reduced to 48 man-hours each, i.e., 
construction in six eight hour days. The cost would be reduced to $1,440,000. 

This concept results in the smallest packaged length, i.e., 3.0 m. 

Support in the orbiter is provided at attachment fittings on the docking port 
and platform container. 

2.1.5 Concept 5 - Inflatable Design (A drawing was not developed) 

A drawing was not developed since adequate design definition is provided 
by Figures 2.1-13 to 2.1-15. This design was developed by the Goodyear 
Aerospace Corporation (GAC) under contract to Rockwell (Reference 9). The 
construction recommended by GAC is shown in Figure 2.1-14 and further defined 
by the following table. 


ITEM 

Lfl " 

MATERIAL 

WEIGHT 

GM/CH 2 

Lfl/FT 2 

. . 

Outer Cover (With Thermal Coating) 

0.034 

0.068 

Interlayer Adhesive 

0.005 

0.010 

Two Plies of Fiberglass 

0.036 

0.071 

Interlayer Adhesive 

0.005 

0.010 

Gelatin - Impregnated Scott Foam (64 mm) 

0.375 

0.750 

Interlayer Adhesive 

0.005 

0.010 

Two Plies of Fiberglass 

0.036 

0.071 

Inner Coating 

0.020 

0.040 

TOTAL 

0.516 

1.030 
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The packaging and development of this structure are complex. The 
following concept ia the result of a very preliminary study and should be 
considered as such. Inflation is used for controlled deployment and a gelatin 
system ia proposed for rigidization. The work platforms are one meter wide 
and held in place axially by straps. Open areas are provided in the platform 
areas to permit suited astronauts to move axially in the hangar. Velcro, 
snaps, hooks, and straps can be installed as required to enhance maintenance 
operations. Rigid subsystems can be added once the hangar is deployed. 
Deployment of the structure will proceed as follows from the stowed 
configuration (Figure 2- 1—15) . The stowed configuration, which is best 
visualized as a "rolled-up sock," is pushed out of the stowage container by 
extension of the astromast which drive? the covered docking port against the 
folded configuration (Figure 2.1-13 Stages 1 and 2). The air supply system 
(toroidal tanks) shown is used to inflate the "Chinese Whistle" longitudinal 
tube (Stages 3, 4, and 5). At this stage, continued inflation of the 64 mm 
sandwich develops the configuration to Stage 6. Subsequent to completion of 
Stage 6 the chemical process of the gelatin system provides final 
reigidization of the shell. EVA is required to connect the tension straps 
that stabilize the work platforms. 

A potential problem is posed by the process used to package the structure 
into the container. A vacuum bag is positioned over the sandwich structure of 
the hangar shell. The vacuum bag is used to compress the foam sandwich. This 
may be the least understood part of the proceaa. The rigid radial support 
arms are atretched along the hangar axis while the hangar skin is pleat- 
folded into a diameter compatible with the storage container. The inflatable 
tube ia added to the pleated skin. The collapsed hangar skin is now rolled up 
like a window shade in th*s direction of the atorage container. The rolled 
material is placed into the container and the rigid radial support arms are 
folded into position to hold the stored hangar in the rigid '?n. The 
potential problem is how to get ri). of the vacuum bag after nangar deployment. 

A further unknown is what is the best way to initiate the rigidization process. 

A major concern is the lifetime of such a structure. However, GAC (hence 
most likely any other firm) does not have sufficient test data to predict the 
lifetime of the proposed hangar materials in the LEO environment. Past 
projects have indicated a 5 to 10 year terrestrial storage and service life 
for these flexible structures; how«'*>ei , viti? ac ml on-orbit test data are 
evaluated it is rather diffi cult to p; '^ict i 2b yea: lifetime. 

Stowage in the orbitar is accomplished ss shown in Figure 2.1-13. 

Supports can be provided on the docking port and the stowage container. The 
packaged length is 4 m. 

2.2 OTV HANGAR CONCEPT ANALYSIS 

The analyses performed to support the concept evaluation process are 
briefly described herein. 


2-13 


2.2.1 Micrometeoroid/Space Debris Shielding 

Figure* 2.2-1 and 2.2-2 illustrate the significant issues pertinent to OTV 
'hielding from the meteoriod and space debris environments. Figure 2.2-1 
llustrates the vulnerable areas computed for the surface of the OTV. For the 
'.vironmenta and probabilities of no impact the particle sizes, for which 
< ielding ii required, are shown. Unquestionably, there is great uncertainty 
' " the validity of the debris model. Also, many Space Station system 
jgin^'.rs believe advanced detection of such large debris particles and 
j*oidance is preferable to attempts at shielding. The prediction of required 
shielding has the additional uncertainty illustrated by Figure 2.2-2, Section 
A-A. For one m wide platforms, the OTV shell is approximately 1.2 m away from 
the hangar wall. All the existing ballistic data for micrometeoroid particles 
are baced on constructions in which the shielding is appreciably cl. ser than 
1.2 m, i.e., 0.05 to 0.1 m. There iB no data at all for debris. In view of 
all the foregoing uncertainties, no analyses for debris was attempted. 

For the micrometeoroid environment, the following analysis results are 
pertinent . 

o The aluminum single-sheet thickner.; for Po « 0.99; for no penetration 
by a 7.4 mm diameter micrometeor'' , is 21.6 mm 

o The combined effective sheet thickness of the OTV expected space-based 
construction shown is 3.2 mm 

o For the total hangar wall construction the required bumper ballistic 
efficiency is 21.6/3.2 ■ 6.74 

o The current ballistic efficiency for 50 mm spacings is 5; hence for 
1.2 m, a value of 6.74 is readily achievable 

The implications of the above are as follows: 

o It is expected that all designs can be suitable for micrometeoroid 
protection 

o The outer-shell mass required to provide protection may be lear for 
designs ;/ith the greatest construction depth, thus providing greater 
cargo bay location flexibility. This is demonstrated as follows: 

o A linear mass variation of 1076 to 2156kg/m satisfies 
the lauch envelope 

o A T-b«r comparable to 1078 to 2 ' 56 kg/m stowed in 3 m 
varies from 3.6 to 7.2 mm (0.2b in.). 

Hence lightweight designs such as a T-bar of 3.6 mm can be placed anywhere. 
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2.2.2 Stress Analysis Review 


All n f Che described designs were reviewed to satisfy scruccursl design 
suicsbilicy. ic is apparent Che OTV hangar, during operacion has minimal 
acrengch and sciffness requiremencs chac are achievable wich all Che designs. 
The main oucpuc of Che review was che inclusion, in Che design, of all 
necessary sCrucCural componenCs Co saciafy ascronaut fooC loads, hand loads, 
placemenc of lighcing and black box equipmenC, and OTV docking loads. The 
moaC stringent sCrucCural requiremencs occur during launch. A loads and 
stress analysis of che conf iguraCions was obviously beyond Che study scope. 
However, during the development of each concept, the design was reviewed and 
driven Co provide assurance of launch suitability. For example, Concept 2 
required a retention cradle. 

2.3 OTV CONCEPT SELECTION 

Table 2.3-1 illustrates the selection process criteria used to evaluace 
the relative suitability of the five concepts developed. Tables 2.3-2 through 
2.3-6 present the actual evaluations performed for each of the major and 
subselection criteria listed in Table 2.3-1. Table 2.3-7 provides a 
normalized summary of the major criteria 1 through 3. 

Concept A, the erectable design was selected on the basis of the data 
contained in Table 2.3-7 and the following judgmental observations: 

o While Concept 1 is close (343) in total point value, its cost is 38.8 
million higher 

o In comparison with Concept 1 , the erectable design has Che highest 
potential technology transfer to other large deployable volumes 

o While the inflatable design has great growth potential, the suitability 
of the proposed rigidization system is uncertain with no apparent 
potential for on-orbit remedial action in the event of a problem. 
Further the on-orbit life of the inflatable construction is not known. 

It is also pertinent to mention the following additional observations. 

o The current erectable design demonstrated the advantage of an erectable 
OTV hangar, but may not necessarily be the beet erectable design. 

o The on-orbit estimated construction time of 210 hours, with an EVA cost 
of $3.15 million, can be reduced through use of automatic latches and a 
rotating platform. 

o A future study to resolve the above, directed toward development of a 
point design, represents the next logical step 


Table 2.3-1. 


OTV Hangar Selection Process Criteria 
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It) RELATIVE COSTS It MILLIONS! 

• LAUNCH • TECHNOLOGY DEVELOPMENT 

• FABRICATION « EXTRA VEHICULAR ACTIVITY 

{21 0E8IQN VERSATILITY 

• CAPABILITY FOR 

- GROUND INSTALLATION OF EQUIPMENT 

- ON-ORBIT INSTALLATION OF EQUIPMENT ON SHELL 

- ON-ORBIT INSTALLATION OF EQUIPMENT ON PLATFORMS 

- AOOEO PLATFORMS 

• POTENTIAL FOR SIZE GROWTH 

(3) ORBITER INTEGRATION 

• CONSTRUCTION SUITABILITY 

• CRADLE COMPLEXITY 

• LAUNCH LOCATION FLEXIBILITY 

(4) RELIABILITY OF STRUCTURAL RIGIOIZATION 

• SIMPLICITY OF JOINING 

• CAPABILITY OF REMEDIAL EVA 

• CONTROL OURINO CONSTRUCTION 

• NUMBER OF MOVING PARTS/ FUNCTIONS 

• CONFIDENCE FROM GROUND TESTS 

(6) DESIGN/ EVA/T6CHN0L00Y DEVELOPMENT/ LIFE RISKS 

• LEAST OESIGN RISK 

• MINIMUM EVA RISK 

• MINIMUM TECHNOLOGY DEVELOPMENT RISK 

• MINIMUM STRUCTURE LIFE RISK 


Table 2.3-2. Relative Costs ($ Millions) 


CONCEPT 

LAUNCH 

PAD. 

TECH, 

DEV, 

H 

TOTAL 

TOTAL 

POINTS 
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2.0 
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17.8 

89 

© 
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60. a 

1 .5 

- 

B 

02.0 

0 

0 

gg 

12.5 

B 

B 

3.2 

17.2 

100 
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B 
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20.3 
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Table 2.3-4. 


Ocbiter Integration 


CONCEPT 

, CONSTRUCTION 
SUITABILITY 

CRADLE 

COMPLEXITY 

LAUNCH LOCATION 
FLEXIBILITY* 

TOTAL 

POINTS 

RANK | POINTS 

RANK j POINTS 

RANK j POINTS 

MAX. 

11 

POINTS 

J 

MAX. POINTS 

“ 

MAX. POINTS 
30 

MAXIMUM 

50 

O 

n 

ID 


10 

1 

30 

so 
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B 

3 

s 

3 
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10 

IB 
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B 

10 

1 

10 

9 

jmm 

20 

® 

i 

10 

1 

10 

2 

20 

40 

0 

i 

10 

1 

10 

1 

30 

SO 
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Table 2.3-6. Design, EVA, Technology Development, 
and Life Risks 
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2.4 MANNED MODULE DEVELOPMENT 


The manned module development consisted of definition of the two baseline 
modules portrayed in Che Rockwell Space Station Configuration Studies 
(Reference 7) and the development of hard shell and inflatable designs that 
each accomplish the total functions of the two baseline modules. This 
approach was taken since it is compatible with the study goals, and ensures 
that the developed concepts could indeed be used in a Space Station 
configuration such as is shown in Figure 2.4-1. This approach also assureq a 
p*bper comparison of the designs. For example, the two baseline modules 
equipment (as best defined) was placed into the two deployable concepts. The 
major requirements were, of course, the same as tabulated in Table 2.4-1. 
Attention is directed to the two goals listed in the tabic which are extracted 
from Reference 8. Both of these goals are satisfied by the two deployable 
concepts developed. Figure 2.4-2 illustrates a potential Space Station 
scenario utilizing the deployable modules. This scenario and the designs 
developed were coordinated with Space Station project and design personnel to 
assure satisfaction of the m«.jor requirements. 

2.4.1 Baseline Space Station Conventional Modules (Drawing 42712-6) 

Figure 2.4-3 illustrates the major design features of the baseline manned 
module design. Figure 2.4-4 Illustrates the distribution of ECLSS, water 
purification, power, and hygiene systems equipment. 

The baseline module is a classical welded aluminum cylindrical shell 
containing at each end a toroidal transition section to a conical shell. Each 
end of the conical shell contains a docking port. A horizontal floor Is 
provided that is constructed of integrally machined floor plAtes and supported 
by longitudinal beams that span to three transverse beams. The three 
transverse beams are attached to three external frames that are welded or 
mechanically fastened (bosses) to the r.hell. The floor plates will be 
fastened to the shell to provide a shearflow path for the longerons that 
attach to the Orbiter. The pair of longerons are provided at the floor level 
and attach to the extension of the floor plates. 

The outer shell construction is as shown in Figure 2.4-3. The array of 
equipment mounted above and below the floor is shown in Figure 2.4-4. One of 
the major design goals is essentially a smooth inner surface of the module 
wall to permit inspection and repair of micrometeoroid punctures. Therefore, 
much of the equipment, 1 to 2 m above the floor, may have to be supported by 
temporary bracing down to the floor. This remains a future problem area since 
the scope of the Space Station design has not evolved to that level of detail 
as yet. A summary of the preliminary mass properties prepared for the 
baseline module is presented in Table 2.4-2. 

2.4.2 Deployable Hard Shell Manned M o dule (Drawing 42712-7) 

Figures 2.4-5 through 2.4-7 illustrate the major features of the hard 
shell manned module conceptual design that is equivalent to two conventional 
baseline modules. For design commonality with an energy module, and for 
docking requirements, a pair of conical shells using toroidal transition 
sections are provided at each end of a central deployable section. If 
necessary, side docking ports can be installed on these end structures to 
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Figure 2.4-4. Manned Module Conventional 
Design Equipment Arrangement 


Table 2.4-2. Baseline Conventional 
Manned Module Mass (kg) 


system 

MASS 
( Kfl ) 

BODY STRUCTURE 

4375 

INDUCED ENV, PROTECT. 

65? 

LAUNCH , RECOVERY 1 OOCX. 

222 

ORIENT, CNTIS/5EP. 1 ULLAGE 

44 

PRIME POWER 

0 

PVR, CONV. 1 GIST. 

159 

GUIDANCE 1 NAVIGATION 

0 

INSTRUMENTATION 

207 

COMMUNICATION 

41 

ENVIRONMENTAL CONTROL 

2048 

PERSONNEL PROVISIONS 

1263 

CREW STATION CKTLS * PNLS 

98 

RANGE SAFETY 1 ABORT 

TSO 

WEIGHT GROWTH ALLOW. 

16S2 

PERSONNEL 

TDD 

CARGO 

0 

BALLAST 

TBD 

RESIDUAL PROP. 1 SERV. ITEMS 

T8D 

RESERVE PROP, A SERV. ITEMS 

TBD 

INFLIGHT LOSSES 

TBD 

TOTAI GROSS MASS (Kg) 

10,786 
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accommodate tht Space Station configuration shown in Figure 2.4-/ (bottom). 

The deployable central section is comprised of a 1.8 m high x 4.2 m vice x V . 2 

m long strongback structure onto which the pair of deployable cylindrical 
shells is mounted at shown. The radius of the sheila are equal to 2.08 m with 
hinge lines A, B , C, and D oriented along the entire cylinder length. The 
folding of the cylinder Co suit the orbiter cargo bay diameter envelope is 
shown in Section A-/ . The four end bulkheid* that provide closure at each end 
of the pair of cylinders are shown in View B-B. Folding of the flat bulkheads 
is accomplished such that each pair of flip-out panels is folded inward about 
the vertical hinge line and then together with the fold-down panels are folded 
inward and tucKed under the ceiling. Upon completion of all four bulkheads 
the cylindrical shells can be folded downward through rotation about the ninge 
lines A, B, C, and D. Deployment would be conducted in the reverse manner, 

with deployment of the cylindrical chells accomplished by a pair of jackscrews 

for each shell mounted in a non-obstructing area of the floor. Fold-down and 
flip-out of the panels and locking are accomplished by astronauts standing on 
the stvongback floors, securing latches such as shown in Section C-C and D-D 
of Figure 2.4-8. 

The structural design of such a structure to withstand pressure induced 
loads appears entirely feasible. The structural behavior of the cylindrical 
section is essentially that of a double-bubble pressure vessel. As such, the 
cylindrical shell experiences essentially PR loads, except at the ends where 
local discontinuity moments will exist. The flat bulkhead design presents no 
foreseeable unsunnountab ] e problems. There will be, of course, a need to 
extend the strjngback structure into the transition conical shell. The 
strongback structure must be designed to sustain any combination of loss of 
press 1 :- 'ence, the flat surfaces of the strongback are designed to sustain a 
oeak atmospheric pressure differential. It is expected that numerous 

Cra.v .rti’se bulkheads will be used to permit satisfaction of this requirement, 
i he lunch attachment fittings will also be mounted onto the strongback 
structure . 

The construction used tor the outer shell is identical to that defined for 
the baseline design, and is shown in Figure 2.4-6. The end bulkhead panels 
and strongback will be integrally machined panels stiffened by mechanically 
fastened beams similar to the flat bulkhead of the STS orbiter crew module. 

Figure 2.4-7 illustrates the packaging of all the identified baseline 
configuration equipment. Much of the equipment is packaged in the volumes 
between che ceiling and cylindrical shell and between the two floors, i.e., in 
the strongback. No problems pertinent to packaging of this equipment in these 
regions was uncovered. However, it is apparent from Section A-A that equip- 
ment can only be packaged between the ceiling and strongback as shown on 
Figure 2.4-7. This equipment must be rearranged and secured after deployment 
by astronauts. 

Any of the foregoing design concerns all appeared to have acceptable 
potential solutions. However, the requirement of maintaining the total module 
leakage to no more Chan 0.44 kg/day (Reference 8) appears most difficult in 
view of the following comments. 
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o The STS orbiter crew module structure measured leakage rate is 4.y 
kg/day, i.e., more than 10 times the requirement. While it is 
appreciated that the crew module has a large number of electrical 
penetrations and many large area windows the minimization of leakage to 
0.44 kg/day represents a significant challenge. 

o The magnitude of the challenge can be visualized by noting that the 
total equivalent leakage area in a module at “.tmospheric pressure 
cannot exceed 0.12 mm (0.0047 in) in diameter to maintain a leakage, 
rate of no more than 0.44 kg/day. Some of this may be used up at the 
docking port seals. 

During the concept development several concepts to seal the cylindrical 
hinge linss, end bulkhead hinge lines, and fold-out panel to cylinder mating 
surfaces were investigated. These concepts are summarized in Figure 2.4-8. 
These designs, however, cannot satisfy the above discussed requirements at the 
intersection of two hinge lines. Therefore, the seal recommended is the 
design shown in Figure 2.4-6. This seal consists of a continuous polypropy- 
lene membrane across the flat bulkhead and ends of the cylindrical shell as 
shown at the left and in detail as Ghown in Section B-B. The cylindrical 
hinge lines A, B, C, and D ar? sealed by the hinge sideseal shown. This seal 
concept nevertheless involves EVA installation of the membrane after 
deployment of the structure. 

An alternative seal configuration that would be in place during launch 
would have to accommodate the inward motion of the fold out panels, i.e., be 
sufficiently oversized. This may be the best solution yet, but is beyond the 
scope of this study. 


2.4.3 Inflatable Manned Module Design (Drawing 42712-8) 


The major features of this design concept are summarized by Figure 2.4-9 
and 2.4-10. The same concept as that of the hard shell structure previously 
described is used in regard to the end conical shells and center section 
strongback. However, in this design the center structure consists of a pair 
of inflatable shells attached to each side of the strongback by an end 
attachment such as shown in Section B-fl. The configuration of the center 
structure is a pair of cylindrical shells capped by an ellipsoidal dome. The 
cylinder radius is 2.08 m, and the dome deptn is 6351 of the shell diameter. 

The construction, recommended by GAC is a fabric consisting of Nomex 
uniuirectional cloth coated with a Viton B-50 elastomer. Goodyear has 
qualified this material to the requirements of the NASA Space Shuttle orbicer 
crew cabin and Spacelab module. 


An even number of multiple layers of the Nomex/Viton B-50 qualified 
material will be laminated together until adequate strength is obtained. the 
aluminum foil layer was defined as a flame barrier in earlier GAC studies. 
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The mass distribution of this construction is shown below. 



MATERIAL MASS 

ITEM 

GM/CM 2 

LB/FT 2 

/ LUMINUM FOIL LAYER 

0.002 

0.0041 

ADHESIVE 

0.005 

0.0102 

STRUCTURAL LAYER 

1.370 

2.810 

TASLAN INTERLOCK IN 
LAYER 4 ADHESIVE 

0.024 

0.049 

ONE INCH POLYURETHANE FOAM 

0.080 

0.164 

ADHESIVE 

0.005 

0.0102 

OUTER COVER AND THERMAL 
COATING 

0.031 

0.C54 

TOTAL 

1. 52 

3. 11 


Figure 2.4-9 also illustrates the deployable radiator configuration which 
serves as a meteoroid bumper. This is necessary since radiators cannot be 
mounted on the flexible structure. 

Figure 2.4-10 illustrites the mounting of the miscellaneous equipment into 
the module. While less space is available in this module than the foregoing 
hard-shell design because of the domes, all the baseline equipment identified 
was packaged. 

Pertinent to the inflatable design the issues of crew protection from 
radiation material flammability and offgassing, construction life, crack 
prevention propagation, and sealability are discussed as follows. 

2.4.3. 1 Radiation Protection 

Since the inflatable shell material is projected to have a mass of 1.52 
gm/cra 2 , its mass is considerably above the 0.50 gm/cm 2 considered adequate 
for radiation protection of the crew. 

2. 4. 3. 2 Flammability and Offgassing 

Since fluorocarbons have been tested successfully in the past for 
flammability and offgassing, it was believed that Viton was a good choice for 
an elastomer. The above items, in conjunction with the fact that the early 
development units made by McDonnell Douglas had u6ed Viton end had been 
approved by NASA, led to the selection of Viton as the elastomer for the 
Goodyear flex element. Hie to processability the specific Viton selected was 
Viton B-50. Several combinations of elastomer and cloth were submitted to 
NASA via MDTSCO for evaluation. The results showed that the Viton B-50 
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elastomer and Nomex cloth would pass the flammability and offgassing test as 
called out in NHB8060.1A (Reference 9) by being subjected to an au-oclave 
cure, post cure and vacuum bakeout. Therefore, it is anticipated that all 
flammability and offgassing requirements of the program can be met. 

2.4. 3. 3 Lifetime 

None of the environmental conditions which the Spacelab tunnel flex 
element must withstand were very severe compared to that of a Space Station 
module. Most elastomers could survive the operational environment imposed on 
the flex element. There were, however, two significant requirements that led 
to the selection of Viton as the elastomer: 10-year life and offgassing/ 

flammability requirements. Viton is known for its long life at elevated 
temperatures; and, since there was no elevated temperature requirements on the 
flex element, the life would be well in excess of ten years. (Elevated 
temperature is used for accelerated aging testing of rubbers.) Characteristic 
dry heat resistance of volcanizates of Viton in continuous service is 
considered to be greater than three years at 230°C. 

For comparison, conventional elastomers would be brittle after one day at 
230°C . 

Other characteristics of Viton which make it an excellent selection are 
its weatherabil ity and fungus resistance. 

GAC quotes their elastomeric products as being good for ten years under 
reasonable, uncontrolled terrestrial storage conditions. This includes such 
items as diaphragms, seals, pillow type tanks, fuel cells, flotation bags, 
uprighting bags, impact attenuators and similar structures. After this 
storage, these products can provide five years of service, generally. 
Diaphragms and seals usually provide 18 to 20 years of service. 

Obviously, further tests are required for on-orbit life but it is believed 
that the Viton B-50 elastomer has the best chance to meet the desired 20-year 
lifetime . 


2.4. 3.4 Crack Propagation Prevention 

GAC has conducted pressure tests on the flex section for the Spacelab 
transfer tunnel to verify the constructions stability in the presence of 
detectable damage. That same construction is proposed for this manned module 
but with more plies since the limit circumferential loading is 2100 N/cm (1200 
lb, 'in). With the increased number of plies in this manned module the stress 
levels should be comparable. For a damage totally through the construction 
the crack propagation resistance should be similar to that of Che tested 
design. 

The purpose of the leak-before-burst test was to demonstrate that the 
design of the flex element is stable under limit conditior.s with readily 
detectable damage. 

The leak-before-burst test involved inducing a 12.3 mm cut completely 
through Che flex element while at an internal pressure of 11 N/cm^. The cut 
was oriented perpendicular to the yarns of the ply that was loaded. 
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The blade used was double edged, 12.5 mm wide, and came to a point. It 
was mounted on a pneumatic actuator such that once the blade penetrated the 
unit, it could be withdrawn and the pressure maintained for four minutes. The 
leak-bef ore-burst test was filmed for documentation. Visual examination of 
the cut after the test revealed that the cut did not grow beyond the initial 
cut length. 

The design was stable under limit pressure 
when a readily detectable damage consisting of 
plies was intentionally inflicted on the unit, 
completion of the leak-before-burst test. 

From the foregoing the suitability of the construction to sustain 
mic.'ometeoroid punctures is quite likely (particularly over the surface 
shielded by the radiators. The suitability to resist apace debris particles, 
as for the metals, is not known. 

2.4. 3. 5 Sealability 

The two potential sources nf leakage are through the basic construction 
and/or at the flexible seal. While GAC has demonstrated by test the leakage 
of the flex section of the Spacelab transfer tunnel to be no more than 0.050 
kg/day that structure has a surface area approximately 1/100 that of the 
manned module. In its favor this construction has an increased number of 
plies. Gn the other hand this capability after 5, 10, 15, or 20 years in 
space is not known. While the perimeter ratio of the flexible seal is only 
1/6 that of the manned module the radial deformation tending to cause leakage 
is (for tne same stress) approximately 20 times greater. The uncertainty is 
apparent. What is certain is that the requirement of 0.44 kg/day is 
representative of a total integrated hole size no larger than 0.12 mm (.0047 
in.) if no leakage occurs elsewhere (at the access hatches). Ontil 
development teats are accomplished that are directly related to this 
application the leakage rate is an unknown. 

2. 4. 3. 6 Meteoroid/Space Debris Issue 

It was stated earlier that a micrometeoroid puncture is not expected to 
precipitate a catastrophic failure. Figure 2.4-11 illustrates the pertinent 
data concerning the potential for puncture and repair of the shell. Since the 
radiator configuration serves as a bumper over most of the projected area 
(Figure 2.4-9) the analysis is performed on that basis. 

For the surface area quoted, and a 20-year exposure, there is a 
probability of 0.99 that no impact will occur for a particle size greater than 
5.9 mm in diameter. This particle, for no puncture, requires an aluminum 
single sheet thickness of 29.5 mm. For a bumper ballistic efficiency of 5, 
the equivalent thickness required of this construction is 5.9 mm (0.23 in.). 
The polyurethane foam, having a density of 0.031 gm/cm^ (2 lb/ft^), 
behaves like an aluminum sheet 4.3 mm thick. This is based on the following 
data provided by GAC. 

"Based on hypervelocity particle impact tests conducted by Goodyear 
Aerospace and on tests conducted at the micrometeorite testing facility at 
Wright-Patterson AFB , flexible foam with a .015 gm/cm^ (1.0 lb/ft^) 
density has been selected as a suitable barrier material. The tests at 
Wr ight-Patter6on were conducted with a particle that had an average mass of 
0.005 g, traveling at 8232 m/sec (27,000 ft/sec). 


and displacement conditions 
a 12.5 mm slit through both. 
This represented a successful 
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Both aeries of tests indicate that a foam barrier has the same effective- 
ness as a single sheet of aluminum with 15 times the mass per unit area." 

It is expected that provision of a foam with increased density can provide 
the required stopping power. Based on this it can be said that for a life of 
20 years the probability of a puncture occurring that requires repair is 
0.01. Such a puncture can be repaired. 

The problem of space debris for this structure as the hard shell, is 
ill-defined. To assure that no catastrophic crack propagation would 
initiated by impact of a space debris particle, the size, density, and speeo 
properties of the particle must be explicitly defined and b Il.istic e3ts must 
be performed upon candidate constructions in pressuri.ed eonfipur iti >” j : 

A brief summary of the foregoing is as follows: 

o There is no on-orbit data to a confirm 20-year-life suitability of t t 
wall construction utilizing a Viton 8-50 elastomer. 

o GAC prior test data do net resolve the question of the 10 to 20 year 
seal capability of the basic wall construction (maximum leakage 
requirement of 44. kg/day). 

o Micrometeoroid impact is not expected to be a problem with the use of 
radiators as a bumper. 

o The construction suitability for space debris is not known. 

o Crew radiation shielding, material outgassing, and nonflammability 
requirements are satisfied by construction. 

2.5 DEPLOYABLE MODULE MISCELLANEOUS COMMENTS 

The following general comments are applicable to both deployable module 
designs . 

o Both deployable configurations can satisfy the manned module crew 

safety, volume requirements, design commonality, and growth evolution 
requi rements . 

o Each configuration requires 16 m of cargo bay, compared to 25.3 m for 
the two modules. The potential launch cost savings is $39.0 million 
( 1984 dollars) . 

o An extrapolation of the Space Station baseline manned module mass 

(Table 2.4-2) results in a potential mass of the deployable modules of 
23 kg to 25 kg. 

o For the c.g. at orbiter Station 982, the maximum cargo launchable mass 
is 19 kg, but an aftward shift of the c.g. of 0.89 m can be 
accomplished with 4 to 5 kg ballast or additional equipment. This 
permits the launch of a 29.5 kg mass. 

o Both designs require additional on-orbit cost of installation of 
partitions and systems at a rate of $15 , 000/hour . 
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2.6 MANNED MODULE SELECTION 


o The capability of either hard-aheii or inflatable deployable designs to 
satisfy the minimum leakage requirement is very questionable. A 2.2 
kg/day additional leakage amounts to 16,600 kg over 20 years which 
alone negates the initial launch savings. 

o While Che inflatable design has the best potential, with technology 
development, to satisfy the leakage requirements, no data exist to 
confirm a 20-year life of the construction. 

o Any launch cost savings will be reduced by increased structural 

complexity, seal technology development, and on-orbit cost of EVA for 
equipment installation. 

Hence, it is recommended that the conventional baseline design be 
maintained until the technology development if seals can provide assurance 
that the requirement of .44 kg/day can be satisfied. Also, no further 
conceptual effort is recommended until Space Station configurations, 
requirements, and criteria are more accurately defined. 
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INTRODUCTION 


During the next decade, a revolution in spacecraft design will occur, 
resulting in large space platforms that will accommodate multiple payloads. 
Cost savings to users will occur through sharing of spacecraft utilities, ease 
of servicing, and the ability to change payloads. In addition, for 
geosynchronous communication payloads, platforms will reduce the crowding of 
this important orbital location. 

The development of deployable platform systems is the moat significant 
technology step in the direction of realizing these platform capabilities. 
Although the Shuttle allows payloads with mucn larger dimensions than other 
launch systems, the large dimensions of the platforms will, nevertheless, 
require extensive structural deployment to package it within the orbiter. 

Much of the previous industry effo t in large structures concentrated on 
orbital construction or erection. A recent Rockwell study, Space Construction 
System Analysis Study (NAS9-15718) , developed the detail necessary to 
understand the difficulty of joining machine-made beams and integrating 
spacecraft utilities in orbit from the Shuttle. These studies pointed up the 
difficulty of erecting or constructing large platforms from the Shuttle. 
Consequently, ground integration of utilities into a deployable structure was 
□ elected by NASA as the first logical approach to platforms. NASA/MSFC has 
prepared a five-year plan to achieve technology readiness of deployable 
platform systems by FY 1966. Phase I of that plan is to identify the one or 
two most suitable deployable platform systems (Part I) and establish all the 
information necessary to plan and execute a follow-on-hardware development 
teBt program (Part II). On October 16, 1981 Rockwell initiated the study 
activities in support of Part I, wi'.h completion 9 months later - on 
July 16, 1982. Sections 1 through 4 of this interim report describe the 
pertinent study accomplishments for Part I. 

Future missions such as the manned space platform require both pressurized and 
unpresauri zed volumes, respectively, for crew quarters and manned 
laboratories, and maintenance hangars. Deployable volume enclosures can 
minimize launch costs and enable use of volumes greater than those which can 
be transported ty the Space Shuttle orbiter. On April 16, 1982, Rockwell 
initiated a 3-month add-on study of Deployable Volume Enclosures with the 
objective of identifying generic concepts for manned habitats, tunnels and 0T' r 
hangars. The accomplishments of that study are described in Section 5 of this 
interim report. 

During the course of this conceptual study, 31 drawings were completed. The 
drawings are provided in a separate document, i.e. , Volume II, SSD 82-0121-2, 
August, 1982. 


DESIGN APPROACH 


The design approach employed in thie atudy of deployable platform systems is 
developed to satisfy the objectives and guidelines as follows: 

Objectives 

- o Development and evaluation of generic deployable platform system 
concepts applicable to the focus mission LEO/GEO applications and 
foreseeable applications for the 1990 to 2000 time period 

o Establishment of a materials data base for structures and utilities 
systems compatible with LEO/GEO applications 

o Identification of the now technology development needs, schedules, 
and costs 

o Syatematic/traceable selection of the one or two most suitable 
generic concepts 


Guidelines 


o Automatic deployment - minimum EVA 
o Platform system - not just a structure 
o FY 1986 technology readiness - test-proven hardware 
o Generic - not a basepoint design 

o Versatility - can be used to build spacecraft of different 

configurations; "building block" approach (self-contained modules) 

o Distinction between LEO and GEO designs 

o Adaptable for a wide range of payload b 

Of the above, the guideline of automatic deployment was the major design 
driver. 

The entire concept development is directed toward automatic deployment of the 
entire platform system without use of a construction fixture or EVA. This 
approach is illustrated in Figure 1. The deployable platform system is 
comprised of several building blocks which are preassembled before flight to 
provide the defined spacecraft confJ ^ration. Each building block contains 
the deployable truss; integrated power, data, and fluid lines; a main housing; 
adapter; and deployment mechanisation system. Attachments for payloads, 
reaction control system (RCS) modules and docking ports are provided on the 
main housings or adapters. The packaged platform system can be integrated 
into tne orbiter with a pallet that serves as a control system module and 
contains batteries and telemetry, tracking, and command (TT&C) equipment. The 
system can be removed from the orbiter by the remote manipulator system (RMS) 
and placed on a handling and poaitioning aid (HAPA) or, depending on 
configuration, size, and shape, utilize both RMS and HAPA during the initial 
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deployment stages and during control system checkout. Subsequent to control 
system checkout, the platfomB can be translated away from the orbiter ( 100 to 
200 meters) for completion of the automatic deployment phase. 



Figure 1 . Deployable PI ■ form Systems Concept 
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A major factor in the study approach is the requirements. Unquestionably, the 
regime of strength, stiffness, and utilities requirements is a major 
consideration. The requirements are extracted directly from the tnree focus 
missions (Figure ?, References 1, 2 and 5) and supplemented by Rockwell 
analysis and recognition of other potential applications. 



Figure 2. Focus and Miscellaneous Configurations 
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The study approach was directed according to the study plan shown in Figure 3. 



Figure 3. Study Logic — Part I 


SUMMARY 

This section briefly summarizes the major study accomplishments. 

Figure 4 summarizes the deployable platform system acccomplishments. In 
Subtask 1.1, the strength, stiffness, electrical, and fluid utilities 
requirements and additional requirements encompassing structural temperature 
limits, guidance and control, pointing accuracy, and propulsion were 
established. In Subtask 1.2, the generic configuration (to serve as a study 
tool) consisting of linear members was configured depicting the platform 
size, general arrangement, utilities distribution and docking ports. Also, 
investigation of an area platform constructed in such a manner that plate 
behavior is developed, resulted in termination of that concept for the reasons 
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Figure 4 , Summary of Deployable Platform System Accomplishments 
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delineated in Section 1.2. In Subtaaka 1.3 and 1.4, eight candidate structure 
concepts with integration of utilities, and concepts for deployment 
mechanisms, housings to contain the mechanisms and structure, and adapters for 
payloads were developed. 

All the concepts were integrated into eight building- block concepts. The 
eight building blocks were compared on the basis of packaging the generic 
platform into the orbiter, with supporting parametric structural, thermal, 
mass properties, meteoroid impact, and cost analyses. The results of these 
analyses are tempered by the consideration that the generic platform and 
requirements represent one design condition in the spectrum of platform 
applications. In fact, the generic platfoim and adopter strength, stiffness, 
and utilities requirement are at the upper end of the spectrum of foreseeable 
requirements for most platforms. 

In Task 2, candidate materials most suitable for the deployable platform 
system components were identified, with establishment of a data base for these 
candidates. The data base is comprised of 10 tables of mechanical and 
physical properties. 

In Task 3, new technology development needs were identified, prioritized, and 
scheduled, including the development cost estimates. Of the 16 new technology 
items Identified, no show-stopper is apparent. 

The foregoing data were used in the concept selection process of Task 4. The 
concept analyses compared the designs on the basis of design versatility, 
cost, thermal stability, meteoroid impact suitability, reliability, 
performance predictability, and orbiter integration suitability. This 
selection process methodology, in conjunction with Judgmental evaluations, 
resulted in the selection of Concept 6A, (Hgure 5). The major features of 
Concept 6A are summarized as follows; 

o Building- block approach for automatic deployment of platform systems 

o Square shaped truss - most suitable for inter- building- block 

attachments; mounting of payloads, docking ports, and propulsion 

modules; and provides redundancy for meteoroid impact. 

o Circular tubes for all truss members minimum cost construction for 
graphite composite construction 

o Minimal complement of utilities mounted on longerons 

o Trays for mounting of largo complement of utilities - ease of 
initial installation, repair, replacement during total ground 
fabrication period - minimum truss structural design constraints 
imposed by utilities integration. 

o Square-shaped housing with reciprocating deployment mechanism 

o Bay-by-bay deployment (to facilitate identification of deployment 

problem, if it occurs) 
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• ALL Ml MU IG ARE ROUND TUNS 
•LONGERONS WITH CENTER HINGE JOINTS 

• TUI SC Of ING DIAGONALS 

• NO OFFSET LOADS AT JOINT 

• RATTENS CROSS KACID IY TINS ION STRAW 


MAIN HOUSING . 


TRUSS 


ADAFTER 


LONGERONS 
UTlfTY TRAY 



ENO VEW FOLDED 


DETAIL OF JOINT 


i/riLrries mstallation 


Figure 5. Square Truss with Modified Longerons (Concept 6A) 


o Rail system for root strength during bay-by-bay deployment - permits 
orbiter berthing and orbiter vernier reaction control system (VRCS) 
firing (if necessary). 

o Adapters for mounting of payloads with automatic electrical 
connector interface 

o Payloads and propulsion modules attached using RMS 

An example of a possible configuration achievable with this concept that is 
constructed of 1.75 and 2.75 m deep trusses is shown in Figure 6. 

The major conclusions drawn in this study of deployable platforms systems are 
as follows: 


o Deployable platform systems technology readiness for PY 1986 period 
is quite feasible (with appropriate funding) 

o Tbs building-block concept utilising Concept 6A can effectively be 
used to construct LEO/CEO platforms 

o Deployment is accomplished with orbiter RMS and/or HAPA without use 
of construction fixture 

o NASA/MSPC goal of automatic deployment of platform system (not 
including payloads, RCS modules) is achievable 
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Figure 6. Possible Configuration ( Concept 6A ) 


o All candidate building-block concepts, applied to generic platform, 
are packageable into one orbiter and are well within 20,000 kg 
launch capability (28.5* inclination, 210 nmi) 

0 The selected concept accommodates the upper regime of platforms size, 
utilities, and adopted strength requirements and is applicable to 
arge range of reduced requirements 

o commodation of adopted stiffness requirements is dependent on the 

resolution of "Joint Slop" issue (moat platform applications will 
have stiffness requirements well below adopted values) 

o No foreseeable unresolvable technology development requirements 

o Major extent of technology development for selected concept is 
applicable to alternate candidate concepts 

Figure 7 summarizes the major accomplishments of the Add-on Deployable Volume 
Enclosures Study. The Space Station studies currently being performed at 
Rockwell are used for the establishment of requirements and applications for 
manned habitats and OTV hangars- Eight habitat and seven OTV hangar candidate 
configurations were developed. Three preferred configurations were identified 
for the manned habitats and developed in further detail (Section 5)> Three 
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OTV hangars were also developed in further detail. Further, the major design 
iaaues and new technology development requiremente were identified. 

The major conclusions drawn from this study are as follows: 

o The application to habitats appears attractive - large useful 
volumes are achievable 

o Metallic structures (can be sealed) can provide ample meteoroid, 
radiation protection, and equipment mounting surfaces, but are 
constrained by pressure loads/paokaging requirements 

o Inflatables alone are not sufficient - hard structure is required 

for mounting of consoles, orbiter and space station integration, and 
heat rejection 

o Inflatables in conjunction with rigid core module provide a variety 
of feasible large volume designs provided 

Materials are suitable to crew safety/space environment; foam 
micrometeoroid stopping power is comparable to existing data; 
repair of punctures or use of meteoroid bumper is feasible; and 
adequate protection of the crew from radiation can be provided. 

o Hangar requirements are ill*’defined - OTV meteoroid protection alone 
is not sufficient justification 

o Moat attractive OTV hangar concepts appear to be metallic 
deployable/ereotable or inflatable with foam core (provided 
stiffness is adequate) 
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1. CONCEPT DEVELOPMENT 

Tills section describes the study concept development accomplishments which 
include establishment of platform system requirements (l.l), development of a 
generic spacecraft configuration (l.2), development of the building-block 
component concepts (1.3), and integration of these components into eight 
candidate building blocks (l.A). Section 1.4 also describes the application 
of tne building blocks to the generic platforms packaging of the platform into 
the orbiters and the comparative structural, thermal, mass properties, and 
cost analysis performed for the Concept Selection Trade Study (4). 

1.1 DEPLOYABLE PLATFORM SYSTEMS REQUIREMENTS 

This section describes tne generic platform system requirements extracted 
aither directly from the t,. ree focus mission studies (References 1, 2, 3 
and 4) or determined by supplemental analysis from the data provided therein. 
In the course of performing the supplementary analysis pertaining to the ASASP 
and GSP requirements, the study managers of these studio'- vere contacted for 
additional information and/or clarification. 

The three focus mission studies provide four platform configurations 8ho',n 
in Figure 1.1-1. Since Geostationary Space Platform (GSP) Alternative 1 



Figure 1.1-1. Four Configurations Extracted from 
Three Focus Mission Studies 
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represents a configuration entirely conr . table with either astromasta or 
aupermasts, emphaa- 1 •> was placed upon the uSP Alternative 4 configuration which 
represents the high c . . . of the spectrum in terns of size, strength and 
stiffness requirements. This configuration is comprised of three modules 
individually transferred to and joined together in GEO. Two of the largest of 
these three modules are shown in Figure 1.1-2. The information shown in 
Figure 1.1-2 i.d mass distribution data were extracted from the several books 
of Volume II, Reference 5* 




Figure 1.1-2, Modules 1 and 2 of 
GSP Alternative 4 Configuration 
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Additional to the supplementary analysis required to completely define the 
requirements for the missions, it was necessary to understand the derivation 
of the most severe requirements m order to assess the applicability of these 
requirements. The aseessment was tempered by the consideration that this 
study is a tecn^ology development contrajt, with extension of the technology, 
as practicable, being a major goal. Further, many of the requirements stem 
from conditions where two equally possible aiterna*ives to the design can 
exist and are dependent on the particular spacecraft configuration and systems 
trades. For example, thermal control of payloads can be accomplished with 
dedicated radiators at each payload or with the use of a central radiator and 
coolant lines integrated into the deployable structure. In such cases, in the 
the absence of any other information, the alternative requirement that 
advances the technology (in this case, integration of coolant lines into the 
structure) is included. 

1.1.1 Strength and Stiffness Requirements 

Table 1.1-1 summarizes the strength and atiffneas requirements for the focus 
mission spacecraft configurations. The data shown were obtained by a 
combination of direct extraction from the focus mission documents and 
supplemental hand calculations. The data directly extracted are identified 
with a subscript "d". 


Table 1.1-1. Focus Mission Limit Strength and Stiffness Requirements 


PLATFORM 

PARAMETER — — 

SPS 

ASASP 

OSP ALT. 1 

OSP ALT. 4 


DEPLOY AflLE STR1 

JCTIIRE MODULE 


•FLEXURAL STIFFNESS (Nm 2 ) 

17.3 X 1 O 6 d 

V».0 x 10* d 

2. S x 10* d 

V 7 2 . 6 x 10» d 

•TORSIONAL STIFFNESS < Nm 2 ) 

4.4 x 1 0* d 

y/ 1. 1 x io 7 

8.2 x 10 4 

v 7 1. 1 x io 7 d 

•BENDING MOMENT (Nm) 

«08 d 

v'booo 

6570 d 

V 7 1.0 x IO 5 d 

•TORSIONAL MOMENT (Nm) 

lB d 

V 4900 

3500 

v'l.s x 10* 

a AXIAL LOAD (N) 

200 

500 

V 4660 

3700 

•SHEAR ( N ) 

400 

200 

660 

V 5400 

PAY1.0AD INTERFACE ] 

• BENDING MOMENT (Nm) 

1600 

V 7 4900 

NEGLIGIBLE 

90 

•TORSIONAL MOMENT (Nm) 

NEGLIGIBLE 

V'dOOO 

NEGLIGIBLE 

110 

• AXIAL LOAD (N) 

ZOO 

375 

NEGLIGIBLE 

90 

• SHEAR LOAD (N) 

100 

500 

NEGLIGIBLE 

110 

| PROPULSION MODULE INTERFACE 

• BENDING MOMF.N' p (Nm) 

MSM 


6190 

)/ 1 .3 x 10* 

• AXIAL LOAD (N) 


1 

1.05 x 10* 

y'l.y x io 4 

• SHEAR LOAD (N) 


HH 

1050 

V 7 7850 


1. Attachment of orblter to platform accomplished by berthing. 

Z. Berthing loads are: bending moment - 1630 d (Nm), axial load - 1800 d (N). 

3 . Subscript "d” denotes data obtained directly from rocus mission documents. 

4. Vr> pnot^ft maximum vnluns, 
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The strength requirements are very sensitive to configuration and payloads 
size, shape, and mass distribution! and locations of propulsion modules for 
LEO stationkeeping or transfer to GEO. 

The stiffness requirements are not only dependent on tne payload and 
configuration size, shape and mass distribution but also the inte.vplay between 
pointing system requirements, attitude control system (ACS) thrus'ter levels, 
and control system design* For a baaepoint design, trades between these 
systems can be made along a wide variation of parameters* Since this study is 
generic, such trades are not possible* However, the implications are 
recognized in thi establishment of the requirements. 

1. 1*1.1 ASASP Flexural and Torsional Stiffness Requirements 

The flexural stiffness value of 6 x 10^ for the ASASP (Advanced 
Science and Applications Space Platform) configuration is extracted directly 
from Reference 4 as shown in Figure 1.1-3 and was determined to provide a 
minimum first modal frequency of 0*10 Ha. Since no information was available 
reqarding the required torsional stiffness, a hand calculation resulted in a 
value 1*1 x 10' Nm* for the same first modal requirement of 0*10 Hz* The 
total mass of the platform was 80,553 kg* The individual payloads, and mass 
moments of inertia were extracted from Reference 2. 



Figure 1.1-3. Flexural Stiffness 
Vs. Freguency (Hz) for ASASP 
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It is pertinent to note that during the orbiter packaging investigations, a 
NASTRAN modal analysis using an El - 2 x 10® Nm^ , and GJ n 0.5 x 10? Nm^ , 
i.e., stiffnesses respectively 1/3 to 1/2 of the above quoted values, resulted 
in a first modal frequency of 0.043 Hz. Since flexural stiffness is the main 
driver, a frequency of 0.057 Hz would correspond exactly. However, within 
the broad context of this study, and the derived generic requirements, the 
model sufficiently confirms the validity of the stated requirements. 

1.1, I. 2 ASASP Strength Requirements 

The ASASP strength requirements of 9000 Nm (bending) and 4900 Nm (torsion) 
occur during stationkeeping maneuvers. The propulsion module thrust of 
890 N, directed as shown in Figure 1.1-4, induces the above specified loads. 
It is pertinent to note the relatively large torsional moment results from 
the large offset of the center of mass of the payloads. 


STATION 



Figure 1.1-4. ASASP Configuration 
— Stationkeeping Thrust 
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1.1. 1.3 G3P Alternative 4 Flexural and Toraional Stiffness Requirements 

The stiffness data shown in Table 1.1-1 are extracted directly from Table 3-6 
of Reference 3. The requirements shown in Table 1*1-1 are the maximum 
requirements for members B and E (Figure 1.1-5). The requirements are based 
upon a restriction of the relative lateral displacement between the reflector 
and feed of 0.20 m due to RCS thruster induced loads. A hand calculation of 
the deflection due to inertial loads directed as shown compatible with an 
"approximate acceleration of .0003 g" (from Reference 3) indicated a 
deflection of 0.14 m (using amplification factor of 2). This proximity 
between 0.14 m and 0.20 m is quite adequate for this study. Of primary 
importance is the fact that the torsional induced portion of the deflection 
was more than 95? of the total deflection- 



Figure 1.1-5. Module 1 (Alternative 4) 
Attitude Control Thrust 


Consideration was also devoted to the stiffness requirements to provide 
frequency separation with the control system. The following is an extraction 
from Reference 3 pertinent to this concern- 

"A NASTRAN finite element model was generated for the Alternative No. 4 
platform based on the individual module orbit transfer strength requirements. 
The model was comprised of 65 grid points, 64 structural elements, and 390 
structural degrees of freedom. Natural modes and corresponding natural 
frequencies were determined for the system. The fundamental natural frequency 
of the system based on strength requirements is 0.019 Hz. A similar analysis 
of the Alternative No- 4 platform resized to comply with stiffness 
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requirements would yield significantly higher natural frequencies. Again, 
caution must be exercised to ensure that the lower frequency vibration modes 
do not interact with the RCS and cause instability. As noted previously, 
control techniques cen obviate this possibility." 

1.1. 1.4 GSP Alternativo 4 Strength Requirements 

The .maximum bending moment extracted from Table 3-5, Reference 3 is 101,427 Nm 
for member H of Module 2 (Fig. 1.1-6). Torsional moments are not provided in 
Reference 3- The bending moment results from the GEO orbit transfer thrust of 
6000 N directed as shown. The data presented in Reference 5 were used to 
construct a mass distribution model of Module 2 from which hand calculations 
confirmed the specified moment of 101,427 Nm, or more approximately stated, 
provided confidence in the mass distribution model used. A hand calculation 
of the torsional moment resulted in a value of 18,000 Nm. Both calculations 
include a factor of 2 for dynamic amplification. 



Figure 1.1-6 . Module 2 (Alternative 4) 
Attitude Control Thrust 
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Table 1.1-2 illustrates the strength and stiffness requirements adopted for 
the concept development and structural analyses to be performed in thiB 
study. One set of requirements, i.e«, the adopted requirements, is used to 
size the structure for the concept development drawings. However, the 
implication of order of magnitude variations of these requirements is studied 
in Section 4. 

' Table 1.1-2. Adopted Loads (Limit) and Stiffness Requirements 


PARAMETER —■ • 1 

SP8 

ASASP 

GSP ALT. 1 J GSP ALT. 4 


DEPLOYABLE STRt 
1 ' — 1 

ICTURE MODULE 

1 "I 

1 T 


• TORSIONAL STIFFNESS ‘Iml > 

• BENDING MOMENT (Nmj 

• TORSIONAL MOMENT (Ha) 

• AXIAL LOAD (N) 

•SHEAR (N> 


17.3 x 10* * 

2, 0 * 10* 4 

2,8 x I0* * 

a.o x io* *| 

4.4 X 10* * 

1 .50 x 10' | 

8.2 x 10* 

[ 0.5 « Id' *| 

808* 

9000 

6570* 


.35 x 10 J * 

18* 

7050 

3500 

1 1.0 x 10* 1 

200 

500 

Raeol 

3700 

400 

200 

800 

fTiiiol 


PAYLOAD INTERFACE 


• BENDING MOMENT (Nrti) 

• TORSIONAL MOMENT (Mm) 

• AXIAL LOAD IN) 

•SHEAR LOAD (N) 


I60Q 

NEGLIGIBLE 

200 

too 


f 40001 

IVoool 
fsTftl 
I 15001 


NEGLIGIBLE 

NEGLIGIBLE 

negligible 

NEGLIGIBLE 


90 

no 

90 

no 


PROPULSION MODULE INTERFACE 


• BENDING MOMENT (Nm) 

• AXIAL LOAD (N) 
•SHEAR LOAD <N) 


1200 

200 

•100 


10S0 

1780 

350 


8190 

.05 x 10* 
1050 


U..J X lfll1 
fTTT 


To*] 

78801 


I I DENOTES ADOPTED STRENGTH AND STIFFNESS 


The adopted stiffness requirements are based upon the following rationale: 

o The highest El value listed for the ASASP of 6x10® Nm 2 is quite 

arbitrary, i.e., to achieve a first modal frequency of .10 Hz for a 
platform mass of 80,553 kg. It is unlikely a platform in excess of 
40,000 kg will be required. Further, a first modal frequency of .03 
Hz is still 100 times the LEO orbit disturbance frequencies. 

o Of the values (from GSP 4 Module l) of El * 2.6x10® and GJ “ 

1.1x10' Nm , only the GJ is the major requirement to limit the 
required deflection. That requirement is due to placement of the 
feeds for the 60 m reflector as shown in Fig. 1.1-5. Antennas with 
their own feed columns would preclude this requirement. 

0 In view of the foregoing, and the technology advancement goals of 
developing designs up to the maximum practical/ realistic 
requirements, the adopted stiffness values of 2x10 and .5x10 
Nm 2 , respectively, for El and GJ were selected. 
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The adopted strength requirements were baaed on the following: 

o The values of 1x105 and 1.8x10^ Km, respectively, for the 

bending and torsional moment obtained from the GSP alternative 4, 
Module 2, are regarded as unneoeaaarily high since the module is 
20,600 kg (payloads to 0E0 by the year 2000 are not expected to 
exceed 6000 kg). Further, the loads can be reduced by reduction of 
the orbit transfer T/W (thruat to weight ratio), and/or minimization 
of dynamic amplifications. The latter two items are technology 
development needs, for antennas as well as platforms. The potential 
reduction of T/W from 0.035 to a possible 0.0137 is discussed as 
follows: 

Low-thrust liquid propellant systems are indicated for orbit tranfer 
applications for current and future missions to GEO as the need for 
maneuvering, start-stop operations and especially low thrust levels 
predominate as desirable characteristics. 

Low thrust and the resultant long burn times can mean larger gravity 
losses and increased propellant weight (Figure 1.1-7) for single 
burns. However, multiple perigee burns minimize gravity losses by 
reducing the burning arc and theta (6), the angle between the 
velocity vector and the local horizontal in the gravity loss, term, 
g c t 8in0 (simplified). 

. PAYLOAD MASS *6818 kg 



Figure 1.1-7. GEO Transfer T/W and Number of 
Perigee Burn Implications on Propellant Mass 
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The uoe of multiple burns to minimize gravity loss ( 2 % for eight 
burns versus 14?t for single burn) is attractive in exchange for a 
somewhat longer transfer coast time (22 hours for 8 burns versus 6 
hours for single burn). In many oases, this wild be an acceptable 
compromise. The reduction in propellant requirements with multLple 
perigee burns at low T/V id dramatic, as shown for the payload 
indicated. Generally, propellant requirements increase as T/W 
decreases below the value of one, due to the aforementioned gravity 
loss effects. The propellant weight is decreased, however, as the 
number of perigee burns is increased above a nominal of oue perigee 
burn. Bight perigee burns provide a substantial reduction in 
propellant requirement at low T/W; the maximum reduction occurring 
in the vicinity of T/W (final) from 0.01 to 0.02. These savings are 
sharply reduced, however, at T/W (final) values below 0.008. 

o In view of the foregoing, and the technology advancement goals of 
developing designs up to the maximum practical and realistic 
requirements, the strength values of .25x105 and lxlO 4 Na, 
respectively, for bending and torsional momenta were used. 

In summary, the rationale for establishment of the adopted strength and 
stiffness requirements is presented above. In consideration of the overall 
range of requirements throughout the focus missions shown on Figure 1.1-1, the 
Juctifiable departure from the maximum values is minimal. Hence, it may be 
stated that the adopted requirements are at the high end of the total 
requirements spectrum. 

1.1.2 Power and Data Utilities 

Table 1.1-3 summarizes the adopted power and data utilities alongside of the 
corresponding data extracted from the focus mission studies. This requirement 
is used throughout the concept development. 


Table 1.1-3. Generic Power and Data Utilities Requirements 



ASASP 

CPS 

SPS 

ADOPTED 

COMMENTS 

POWER (kw) 

50 

10 

490 

50 

SPS DEFINED AS 
SPECIAL CASE 

DATA 

20 MBPS (0) 
50 KBPS {0) 
25 KBPS (C> 
4.2 MHz (A) 

NOT DETERMINED 

50 MBPS (D) 
216 KBPS (C) 

20 MBPS (0) 
50 KBPS (D) 
25 KBPS (C) 
4.2 MHz (A) 

(SCIENTIFIC) 

(HOUSEKEEPINS) 

(TV) 

INTERFACES 






POWER 

6 NO. 0 
28 NO. 2 
4 NO. 14 

6 NO. 3 
4 NO. 13 
20 NO. 1 i 

396 NO. 10 

6 NO. 0 
16 NO. 2 
4 NO. 14 


DATA 

35 F.O. 

34 NO. I»J TSP 
58 NO. 24 TSP 
144 F.O. 

4 NO. 22 TSP 

90 NO. 22 TSP 
2 COAX 
8 F.O. 

100 F.O. 
(OPTION) 

TO BE ACCOMMO- 
DATED BY 
DEPLOYABLE 
STRUCTURAL 
ELEMENTS 


1-10 



















ORIGINAL 

_ ^ ^ AIIAI I ▼ 


The power linea are bared upon a 50 lew total epacecraft power requirement and 
diatrlbutlon system. The data utilities are based upon the scientific, 
housekeeping, and TV data needs as shown in Table 1.1-3 and discussed herein. 

The power and signal distribution requirements are based upon analysis of 
possible payload combinations and altitudes. Table 1*1-4 presents a summary 
of the payloads considered. Included in the table are various physical 
characteristics and interfaces required to support the selected payloads. In 
a general sense, the distribution system is required to accommodate two 
classes of signals. The first is power at a relatively high level approaching 
20 k V. The major power capability is distributed at 124-164 VDC, with lower 
loads at 50 VDC and 110 VAC, 400 Hz, The seoend class of signals are at 
falrl; low levels and consist of command and data signals, digitally coded 
data transfer and low level closed-circuit TV (CCTV). The digital and video 
signal bandwldtha are estimated to be 1 Mbps and 6.0 MHz, respectively. 

Table 1.1-4. Reference Payload Group 





OEPL. 

SIZE 

(M) 


■H 


DATA 

MGMT 



PAYLOAO GROUP 

MASS 

(KG) 

ALTITUDE 

(KM) 

B5Si|j 

POWER 

COMM AND 
(KBPS) 

DATA 

(KBPS) 

NOTES 

1 . 

ATMOSPHERIC GRAVITY 
WAVE ANTENNA 

3,000 

100 (D) 

> 250 

56-90 

33 

(kWh) 

<25 

10 

SEE ® 

2. 

PARTICLE BEAM 
INJECTION 

3,000 

100 x 100 
(SQUARE) 

400 

56-90 

3.3 

(kWh) 

<25 

200 + 
4.2 MHz 
(TV) 

SEE 0 

3. 

ASTROMETRIC 

TELESCOPE 

<♦,500 

2(D) x 16 

400 

28 

1,000 

(W) 

<25 

1,000 

SEE (Z) 

4. 

LARGE AMBIENT DIS- 
PLAY IR TELESCOPE 

16,000 

15(D) x 35 

400 - 700 

28-56 

1 ,000 
(W) 

<25 

7,000 

SEE <T 


NOTES CD EVA FOR MAINTENANCE AND DEPLOYMENT 
® VIBRATION AND GAS PARTICLE SENSITIVE 
® VIBRATION AND GAS PARTICLE SENSITIVE + EVA 


1.1.2. 1 Power Utilities 

The power utilities requirements are baaed upon the distribution system shown 
in Figure 1.1-8 and line lengths compatible with the generic platform (Section 
1 . 2 ). 

The wire size selection was conservatively based upon the worst case 
conditions at an operating temperature of 200*C, and line losses of 
approximately 5%- (Refinements in the analysis made at a later date to 
account for reduction of the operating temperatures to 20*C are discussed 
later. ) 

The 16 No. 2 requirement shown in Table 1.1-3 was derived from provision of 
124 VDC at 290 A. For this condition, the primary path wire bundle was chosen 
to be eight No. 2 gauge (stranded) for power input p] is eight No. 2 gauge 
(stranded) for returns. 
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Figure 1.1-8. Platform Power Distribution Subsystem 


Six No. 0 for the 30 VDC lines, and four No. 14 for the 110 VAC, 400Hz lines 
were similarly determined. Later in the atudy, aa part of an t valuation to 
determine the significance to the power utilities requirements of a 250 ktf 
total spacecraft power requirement, refinements in the above analysis were 
made. The essence of this analysis was reduced electrical wire sizes due to 
replacement of the 30 VDC by 124-164 VDC, or replacement of both 30 and 
124-164 VDC by 110 VAC, with converters and inverters at each port. For this 
reason and since the adopted requirement could be integrated into the designs, 
the adopted requirement was maintained. The investigation for a total 
spacecraft power load of 250 kW indicated essentially the same total circular 
mils as that of the adopted values provided the selected power lines operate 
at 460 VAC. 

The basis for the foregoing conclusions is discussed in tne following 
paragraphs. 

The original evaluation assumed that the 30 VDC and the 110 VAC voltages were 
derived at a common location, located some distance from the solar array 
module. The effect of this assumption was to require that the deployable 
truss be capable of accommodating both the entire 50 kW at 124-164 VDC as well 
as accommodating 5*6 kV at 30 VDC and 0.4 k V at 110 VAC. In this original 
evaluation it was also assumed that the primary 124 VDC wire bundle 
temperature could rise to 200*C. Subsequent analysis indicated that a 20*C 
design limit could be maintained and, therefore, it was decided to redo the 
analysis of the basic concepts as well as all the other distribution concept 
options at the 20'C design point. 
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The result of the revised beslc analysis (summarized in Table 1-1-5) la to 
reduce the number of No. 2 AWQ wires to eight- However, in the re-evaluatlon 
of the original analysis, the number of No. 0 AWG wires is increased to 
eifcht. Both numbers include their respective return wires or grounds- The 
total cross-sectional area of the wire bundle was reduced from 1,707,000 
oircular mils (in the original analysis) to 1,304,000 circular mils - a 
reduction of 18. 4^. 

An alternate to the basic wiring layout was also evaluated. In this esse, the 
conversion to 30 VDC was accomplished within the solar power module with the 
resulting reduction in the power handling requirement of the 124-164 VDC wire 
bundle to 36 kW. At the same time, it was noted that the 30 VDC circuit may 
be required to accommodate 9-6 kW rather than 5.6 k V, so this increase in 
powir level was also considered. The results of these changes are shown in 
the second column of Table 1.1-5. In this approach, the number of No. 2 AWG 
wires is reduced to six, reflecting the lowered power level, but th-» 
identified increase in 30 VDC power increases the number of No. 0 AiC wires to 
12. The end result is a net increase in wire area of 21.55f. If the 5*6 kW 
requirements at 30 VDC are retained, a wire c rosj -sectional area of 9*5$ is 
realized . . 

Pour new options were considered during this study. Two of these options, 
Option A at 45.6 kW and Option C at 250 kW, assumed that all of the energy was 
provided at 124-164 VDC. The other two options considered the power is to be 
delivered at 460 VAC. Option B was rated at 50 ktf while Option D provided 250 
kW. The wire sizes for the ac power analyses were taken from a standard ac 
power handbook and adjusted for the voltage and current levels identified. 


Table 1.1-5. Effects of Differing Power Load Assumptions 

Upon Wire Count 




1 1 m i n 

HAS 1 C 

I 1 ASIC (ALT)* 1 '' 

A® 


c® 

0 ® 

\ power 

SO kW « 

16 k» " 

45.6 kW • 


250 kW l* 


\ DOAO 

124 - 101 VDC 

124-164 vr>c 

Jl 24 - 164 VDC 


124-164 VDC 

’ 

>^RKqtrrs 

5.6 kW » 

0 . 0 / 0. 6 kW 





WIRE \ 

30 VDC _ 

30 , V.IKL 



— 

— 

SIZE 

0.4 kW * 

0.4 k» * 

rTTTw « 

56 kW n 

0.4 kW » 

250 kW » 

( awo ) \ 

110 VAC 

1 10 VAC 

110 VAC 

400 VAC 

1 10 VAC 

460 VAC 

M 

4 

4 

4 


4 


4 

— 

— 

— 

A® 

— 


z 

R (WAS 1«) 

6 

A 

— 

56 


0 

A (WAS 6 ) 

A/ 1 J 

0 





® Rlnrtrnnlr-n In pow,r Moduln. 

124 to jn VDC cnnvfrt«ra rtt **rh pnrt, 1 h I1 1 1 y m imrm. 


$ 


Hrfjuir** inverter* h rmJIrttnrm (n - 9TU) Irt power ri*rtt Her* (n • 90*) r^h pr»rt 

fV within hup re equipment . rtf IDt /it IhVfftcr will rurfr'anr rffrrtlvr a| /r rtf mol.ir 

Armva (lnvr*f?«* to 5/ VW) 

© 5t l in* vollftR* ffrop pfrolltnl, ^ m 
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The spacecraft configuration applied to all of the new optiona considered that 
the derivation of any voltage other than the primary dlatri button voltage, 
with the exception of the relatively low-powered ac in Options A and B, is to 
be accomplished at the user port or within the experiment system. Thus, in 
Options A anu C the deployable truss muot accommodate only two voltage levels, 
124-164 VDC and 110 VAC. In Options B and D, only high voltage (460 V) ac 
must he accommodated. The advantage of eliminating me low-voltage 
distribution system is sppsrsnt, but it does require the addition of more 
equipment at each port. 

The question of utilizing an ac distribution concept at a higher voltage was 
addressed in Option B. Again, it is possible to further reduce the total 
number of wires within a deployable truss at the expense of additional 
equipment, specifically rectifiers and transformers, utilized to provide the 
lower ac voltages and the various dc voltages. A further cost factor that 
should be appreciated, when uaing the ac concept, is tho need to compensate 
for the additional losses introduced by the added equipment. Vith an 
estimated efficiency of 90t or leno, the option will require a 10-l5t increase 
in solar array to generate the necessary power. 

Optiona C and D were evaluated to determine the impact of increasing the 
spacecraft experiment support power to 250 k V. Specifically, the ac 
distribution power level was increased to 250 kW at 124- : 64 VDC, while the ac 
system power level is specified at 250 kW at 460 VAC. 

The effects of the higher power levels will, as expected, result in a larger 
number of wires. Total cross-sectional area of the wires varies from 
approximately 3,970,000 circular mils (in the case of Option C) to 
approximately 1,619,000 circular oils (Option D). In the case of the ac 
distribution system, it will again be necessary to appreciate the additional 
losses in the system caused by the port-located conversion equipment. 

A final point of discussion is to examine the reasons why, if higher dc 
voltage will reduce loos effects, a higher dc primely distribution voltage 
(greater than 124-164 VDC) was not selected for the basic concept and for 
Optiona A and C. The major rationale for not selecting a higher voltage 
distribution system is the state of switching technology, particularly at the 
relatively high power levels specified. Switch devices capable of switching 
high dc voltages at high power levels are not yet available to the confidence 
levels needed to assure reliable operation. These switching devices include 
those simply used to control the power distribution as well as those used in 
dc-dc converters supplying the various lower voltages required. Several 
attempts at initiating technology programs to develop these equipmonts have 
been made with various degrees of success, but none have been completed. 
Accordingly, no hardware is available at the present time nor in the immediate 
f uture . 

The second reason for not selecting a higher voltage ia the impact upon the 
solar array. Solar arrays are comprised of many aoall solar cells 
interconnected in a series-parallel matrix to provide the needed power/voltage 
combination. Increased voltage levels increase the complexity of the solar 
array with the attendant reduction in reliability, life, and in poorer 
operating characteristics resulting from increased internal losses. 
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1. 1.2.2 Data Utilities 


The data management, control path, and the CCTV paths are essentially low 
power and are provided using three different forms of signal paths. Discrete 
signals or commands are routed utilizing 22 gauge, twisted, shielded pairs 
(TSP). Ninety pairs are included in the design of deployable structural 
elements} sixteen of which are preassigned as emergency control originating in 
the subsystem control module- The remaining 74 pairs are unassigned and may 
be used to provide interconnections between berthing stations. 

The placement of these, or any signal wires, immediately “djacent to power 
cables is to be avoided. If the designs do not permit the separation of these 
cable groups, it is necessary to provide metallic separation (shields) to 
avoid electromagnetic interference caused by power switching. 

The data management concept selected for this study presumes the use of an 
integrated, on-board data processing approach that uses a data bus design to 
minimize toe overall number of discrete paths between satellite or platform 
communications interfaces. The proposed data bus link consists of four pairs 
of fiber optic cables. Bach pair consists of an independent command and data 
channel. Four pairs are provided to accommodate reliability concerns (e.g., 
redundant paths in the event of channel failure) as well as providing for 
possible requirements calling for independent links to selected payloads. It 
is recommended that provisions to add up to 100 additional fiber optic cables 
to permit future system expansion be included in the element design. 

The final requirement identified in prior studios is the need to provide at 
least two channels for routing of CCTV or high bit rate data to the satellite 
downlink communications system. The suggested coaxial is type RG-303/U, 

In summary, it is pertinent to note that the data requirements delineated 
above are considered to be a generous complement of number and sizes. It is 
generally, however, consistent with the ASASP and GPS requirements. Further, 
spacecraft data needs during any program always press to the limit the ability 
of the structure to accommodate data needs. Hence, again, the generous 
complement of data utilities in the adopted requirement s. 

1.1.3 Fluid Utilities 

The adopted fluid utilities requirement established for thi3 study is two 2.0 
cm coolant lines. Propellant lines are not a requirement for the reasons 
discussed subsequently. 

1.1. 3.1 Coolant Lines 

Provision of fluid coolant lines is imposed as a requirement since location of 
radiators adjacent to a heat source may uot always be practical. The 
requirement of two 2.0 cm lines was determined from the payload requirements 
of Table 1.1-4, which were extracted from Reference 2- For these payloads, 
the maximum power level was 25 kV. 
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The uee of a central radiator system would require that fluid lines be run 
along the structure between the heat source and the radiator and return. The 
pumping power required to circulate the coolant varies directly with length 
and power dissipation level and inversely with line diameter. For the 
reference mission payloads, a practical line diameter is 2 cm. Figure 1.1-9 
presents the pump power to circulate Freon coolant through a 2 cm line ovjt 40 
meters and return for a range of power dissipation levels. As shown, a 
pumping power of less than 0.2 kW is required *o circulate coolant to reject 
25 kW of payload power. 



Figure 1.1-9. Pump Characteristics 


1-16 


ORIGINAL PAGE 53 
OF POOR QUALITY 


Insulation will be required for fluid lines used on the deployable platform to 
prevent freezing of the coolant during quiet periods. A quantitative estimate 
of the thermal control system (TCS) requirements for fluid lines is summarized 
in Table. 1.1-6 for a range of typical TCS coating techniques. These 
calculations assume the heat transfer area to be that of a 2-cm-diameter 
straight tube. The calculations show that a radiation barrier insulation 
(c“0.04) is required to keep the drop in fluid temperature, due to line heat 
losses, at reasonable levels. A bare metal, such as aluminum, is 
unacceptable. These materials have high solar absorptance compared to its 
emittance. This would result in high tube surface temperatures that could 
cause localized boiling in the fluid line. A multi-layer insulation (MLI) 
blanket of about 5 to 6 layers would provide the proper emittance. The 
blanket could consist of concentric wraps of embossed metallized foil. A 
non-metallic outer layer may be desirable. 

Table 1.1-6. TCS Requirements for 2-cm Fluid Lines 



■ 

LOSS OF 

TEMPERATURE (°C) 
FOR 40 -m LINE 

TIME 

TO 

FREEZE 

FLUID 

HEAT 
LOSS AT 
FREEZ. 
TEMP. 

TEMPERATURE CC) 


HEAT LOAD 


SUN 

LOAD 

ALL 

COATING 

e 

1 kW 

5 kw 

2 5 kW 

HR 

W/m 

AVERAGE 

PEAK 

PAINT 

0.9 

52 

10.4 

2.0 

0.5 

3.3 

24 

122 

COATING 

0.5 

20 

5.6 

1.2 

1.3 

2.0 

24 

122 

BARE METAL 
POLISHED 

0. 1 

6 

1.2 

0.3 

6.4 

0.3 

24 

122 

METAL 
{a - 0.3) 

0.04 

2.4 

0.5 

0. 1 

13 

0.15 

219 

381 

MU (a * 0.4) 

0.04 

2.4 

0.5 

a. i 

13 

0.15 

-37 

42 


An alternate to the fluid coolant system is a heat pipe system. The heat pipe 
is a sealed heat transport device and does not require a pump to maintain its 
operation. A typical installation would use a 2 cm line to transport vapor 
and a 0.63 cm line to transport liquid. The technology of high capacity heat 
pipes is developing rapidly. Pipes with the capacity to transport heat loads 
of a few kilowatts over distances of a fow meters are currently in development. 

1.1. 3*2 Propellant Lines 

Integration of propellant lines into the deployable structure was not included 
as a requirement, although the use of distributed thrusters for either GEO 
orbit transfer or active modal control was considered. 

The use of distributed thrusters has been suggested to reduce the bending 
loads imposed on the structure during orbit transfer. This advantage is not 
regarded as sufficient to offset the numerous disadvantages discussed below: 

o Since the design must provide for failure of a thruster, each of the 
thrusters lines of force must pass through the platform center of 
mass for the engine out condition, for the sizes of GEO platforms 
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this would be applicable to possibly 2 to 4 thrusters. (Concepts 
utilizing more than 10 distributed thrusters as shown for solar 
power satellite (SP£>) structures are not applicable.) Provisions 
for thia condition would require excessive propellant. 

o The additional coat of providing and installing the additional 

thrusters, and integrating the cross-feed propellant lines would be 
excessive. In particular, the folding and thermal control of 
propellant lines ie a significant technology problem. 

o The reduction of the bonding and possibly torsional moments, while 
reducing the individual member loads, may not represent any 
significant weight reduction for stiffness-critical designs. The 
weight savings, if any, may be limited to the joints. The reduced 
loads on the joints and individual members could permit increased 
packaging efficiency. However, the loads can be reduced by stowage, 
which appears to be a simpler task. 

It is pertinent to note the Large Spacecraft fystems/Propulsion Interaction 
Work Shop, held on October 22 and 23 in 1981, recommended the use of a single 
orbital transfer vehicle (OTV) with clustered thrusters for orbit transfer of 
GEO platforms. For the range of platform mass up to 6000 kg, a single OTV has 
the capability. 

The use of distributed control thrusters is not considered appropriate for 
platform control in view of the following: 

o The major spectrum of LEO/ GEO mission requirements is achievable 
without special distributed actuators. Sufficient stability is 
attainable without distributed thrusters. 

o For the special cases where unique payload precision pointing and 

high levels of stability are required special mounts such as initial 
pointing system (IPS) or annular suspension pointing system, gimbal 
system (AGS) will be provided. 

If for some reason, distributed control is required, the preferred location 
for rotary or linear actuators is at the attachments between building blocks. 
Since the payloads are mounted only at the main he rsing or adapters, shaping 
of the basic truss is not required. 

1.1. A Control System 

Control system requirements can be satisfied without the mounting of control 
system equipment directly onto the deployable truss. A control system module 
is provided to contain control system equipment other than that located at the 
payloads. 

This review examined the three focus mission requirements with the basic 
platform functions and control philosophy as follows: 
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o The platform provides a general-purpose base to support 

special-purpose (and multidisciplinary) payloads whose pointing and 
control requirements can be quite diverse. 

o The platform provides gross stabilization and pointing control. 

Nominal attitude will be a local level and/or inertial orientation 
selected to minimize the platform disturbance torques and the 
resulting control system requirements. 

o Payload precision pointing and high levels of stability will be 
provided by special pointing mounts (such as IPS ana AGS). 

o Specialized paBBive or active control for structural dynamic or 
figure control augmentation can be located at the housings or 
adapters (rather than on the deployable truss). 

o The control system is designed to meet the most common recurring 
control problems - not rare or ill-defined special situations. 

As evident from Table 1.1-7, it is feasible to locate all attitude control 
system equipment either in the control system module, the payload package, or 
at the building- block- to-building- block interfaces. Much of the equipment 
listed as mountable on the "control system module or payload package" can 
probably be mounted in the control system module for most NASA missions in 
which structural deformations are well within pointing requirements. 


Table 1.1-7. Control System Equipment Requirements 


COMPONENT 

S/C USED ON 

POSSIBLE LOCATIONS 

ASASP 

GSP 

SPS 

GENERIC 

ONLY 

DEPLOY , 
STRUCTURE 

CONTROL 

SYSTEM 

mooule OR 

P/L PKG, 

building- 

block 

interface 

• SOLAR TRACKERS (ST) 

X 


X 



X 


• SOLAR ASPECT SENSORS (SAS) 

X 

X 

X 



X 


• FINE SUN SENSORS (FSS) 

X 





* 

X 

• COARSE SUN SENSORS (CSS) 




X 


X 


• HORIZON SENSOR (HS) 

X 

X 




X 


• INERTIAL REF. UNIT (GYROS) — ( IRU) 

X 

X 

X 



X 


• MOMENTUM f. REACTION WHEELS (MW) 


X 




X 


• CONTROL MOMENT GYROS (CMC) 

X 


X 



X 


• COMPUTER (COMP.) 

X 

X 

X 



X 


• INSTRUMENT POINTING SYSTEM (IPS) 

X 





X 


• MISC. ROTARY JOINTS (RJ) 

X 

X 

X 




X 

• INTERFACE ELECTRONICS UNIT (IEU) 




X 


X 


• MAGNETIC TORQUE RS (HT) 




X 


X 


• MAGNETROHETEA (m) 




X 


X 


• INERTIAL MEASUREMENT UNIT (IMU) 




X 


X 


• REACT ’ON CONTROL SYSTEM (RCS) 


X 

X 



X 

X 

• STRUCTURAL ALIGNMENT MEASUREMENT 








DEVICES 




X 


X 

X 


CONCLUSION: ALL ACS COMPONENTS AAE LOCATED ON ADAPTERS OR IN CONTROL SYSTEM MODULE. 


1-19 



ORIGINAL FAGE ki 
OF POOR QUALtrV 


1.1.5 Structural Temperatures 

Peak structural temperatures range from -100* to 80*C for LEO and -200* to 
80*C for GEQ. Figure 1.1-10 presents the peak temperatures calculated for the 
materials shorn for an end of life (ot/e *1). 



Figure 1.1-10. Maximum and Minimum Temperatures 


The materials considered were aluminum, beryllium, magnesium, and several 
graphite and metal matrix composites. The peak maximum and minimum orbital 
temperatures depend upor the density times specific heat product for a 
particular material. For a given material thickness, the smallest density 
specific heat product will yield the largest maximum-to-mlnimum temperature 
range. Since a large number of materials is being considered, the materials 
were ranked according to this product. Beryllium had the largest value of 
this product, and graphite epoxy the smallest. Therefore, the properties of 
these materials were used in the analysis. Aluminum is used currently in 
spacecraft construction; therefore, data for aluminum are presented for 
comparison. 

The member shape: considered were round, square, rectangular tubes and 
I-sectlons. The hottest structural temperatures occur when the member shape 
exposes its largest projected area toward the sun. A measure of this peak 
heating condition is the ratio of the solar projected area to the radiation 
area; therefore, the member shapes were ranked according to this ratio. For 
the member shapes considered, this ratio differs only slightly; therefore, 
only one or two shapes need to be analyzed. The square tube and the I-section 
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were aelected for analysis. The data presented are for the square tube. The 
coldeat structural temperatures occur during eclipse and are independent of 
member shape. 

Individual truss members may be oriented at various angles with respect to the 
orbit plane and the sun. The orientation which exposes the largest solar 
projected area was aelected for analysis. 

Orbital temperatures were computed with a thermal math model (TMM). This 
model, for the square tube, consists of four nodes which are connected 
together by conduction and internal radiation. The nodes are connected to the 
external environment by radiation to space and by heat flow rateJ (QDOT's) for 
the incident solar, albedo, and earth emission fluxes. 

1.1.6 Servicing 

Servicing is assumed to be at one-year intervals, and consists mainly of 
replacing consumables or equipment with limited life. Changeout of payloads 
may be required from time to time because of "state of the art" or completion 
of mission. 

The vehicles used for servicing are the orbiter for LEO and a teleoperator for 
GEO. It is expected that the teleoparator will use the same docking interface 
as the orbiter and will have a similar set of RMS. 

The design of the platform, therefore, has to include docking provisions at 
strategic locations, near to payloads and service centers such as the control 
module. All items likely to be replaced must be designed for 
disconnect/ removal/ replacement using the RMS and/or EVA. Factors such as crew 
visibility, TV coverage, RMS reach, RCS plume effects and orbiter/platform 
interference need to be considered when designing for servicing. 

1.1.7 Orbiter Integratio 

The orbiter is obviously an item of major concern in the design of a 
deployable platform- The orbiter is called upon to perform several functions: 
o Transport the packaged platform to LEO 
o Serve as a base for adding payloads, modules, etc. 
o Checkout and troubleshooting the platform and systems 
c Continued servicing and maintenance for a period of 10-20 years- 

In performing these functions, the following factors are of importance: 
o Docking/berthing clearances 

o EVA capabilities and safety 

o RCS plume effects 

o RMS reach and capability 

o TV <3 crew visual coverage 

o Orbiter power available for platform 
o Payload bay volume, c.g. and weight 

o Mounting in the payload bay, cradlea/pallets, trunnion and keel 

fitting location and loads 

o Orientation during platform deployment, solar thermal, radiators 
o Orientation, free drift, control authority 
o Cost 
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1.1.8 Envi ronmant 

Materials for the deployable platform systems must have a minimum life of ten 
years in either LEO or GEO environments. Since transfer time to GEO is 
expected to be less than 24 hours with the use of chemical propulsion, the 
more severe LEO-to-GEO environment effects will be negligible. 

Space environment effects are due to a combination of environments, some of 
which act at the surface and others which act throughout the volume (mass). 
Solar radiation, vacuum, and micrometeoroids are examples of environments 
which act primarily on exposed surfaces, while Van Allen Belt particles, solar 
flare particles, and the electron-produced Bremsstrahlung are examples of 
environments which act throughout the volumes of objects in space. Figure 
1.1-11 illustrates the nuclear radiation components at GEO as a function of 
aluminum shielding thiclcnesB (the curves are similar for other materials) and 
Figure 1.1-12 illustrates the altitude dependence of the natural Van Allan 
Belts. 



10* z 10' 1 1 10 
Aluminum Shield Thickness (gm/cm 2 ) 


Figure 1.1-11. Radiation Dose Rates at GEO 
— Functions of Shield Thickness 
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0* INCLINATION 



Figure 1.1-12. Natural Van Allen Belt 
Dose Rates, 0° Inclination Orbit 
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The solar spectrum and vacuum are well known and are not Included herein. 
Several materials can bo severely impacted by both of these environmental 
properties, but thin protective coatings from other materials (such 
as thermal control coatings) can and do readily negate any excessive adverse 
effec ts. 

Particulate or meteoroid flux can and does get significant as satellites 
ino pease in size and required service life. Figure 1.1-13 shows a 
time-averaged meteoroid flux at 1 AU from the sun. This meteoroid flux was 
obtained directly from Reference 6 and is sufficiently accurate for both LEO 
and GEO platform applications. 



Figure 1.1-13. Natural Time Averaged Meteoroid Flux 

at 1 AU from the Sun 


1.1.9 Payloads, Propulsion Modules, ACS Modules 

Generally speaking, the linear platform is deployed without payloads, 
propulsion modules, ACS modules, or other large items which are not part of 
the basic platform. It is expected that they are added by the RMS to suitable 
interfaces subsequent to deployment of the platform structure. There are, 
however, possibilities of building some modules into the deployment system; 
depending on the aize/shape of the module and the size/shape of the platform. 
If the circumstances are favorable, the module may be treated as another 
housing similar to a building block, and be incorporated onto the end of a 
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truss. Some items may be mounted directly onto an existing control module or 
truss housing. If the module is to be added to the platform subsequent to 
platform deployment, an interface is provided complete with alignment features 
and all the structural/mechanical/electrioal/f luid interconnects required for 
RMS berthing. 

1.1.10 System Pointing Accuracy 

The moat stringent pointing requirement is delineated in Table 6 of Reference 
4 for the GSP application. A value of 0.05 to 0.10* is listed. 

Discussion with electronics specialists at Rockwell indicate pointing 
accuracies of 0.05 to 0.10’ will be representative of moat applications for 
the 1990 to 2000 time period, although a small number of applications will 
require accuracies of 0.05 to 0.02*. 

1.1.11 Requirements Perspective 

The design approach and requirements presented in Sections 1.1 through 1.10 
are the basis for the generic platform development (Section 1.2); deployable 
truss, utilities folding/deployment, housing, and adapter concepts developed 
(Sections 1.3 and 1.4) and concept selection (Section 4). A perspective on 
these requirements are summarized below: 

o The adopted strength and stiffness requirements are at the upper 
limits of the spectrum of requirements for the 1990 to 2000 time 
period • 

o The generic platform represents the largest size of platform 
foreseeable for the 1990 to 2000 time period. 

o The adopted complement of power utilities is representative of the 
maximum number and size of lines consistent with a 50 kW spacecraft 
(30 VDC and 124-164 VDC lines). 

o The adopted complement of power utilities is also representative of 
a 250 kW spacecraft (460 VAC). 

o The adopted complement of data utilities is quite extensive, but can 
vary considerably with payloads. 

o During the platform design phase, the magnitude of data utilities is 
generally driven toward the maximum the structure can accommodate. 

o The two 2-cm fluid lines requirement is representative of the 
maximum coolant fluid line diameter. 

o A pointing accuracy of 0.05 to 0.10 degree is representative of a 
majority of systems for 1990 to 2000 time period. 

This perspective is applicable to the focus missions (Figure l.l-l) and to the 
spacecraft configurations shown in Figure 1.1-14. 
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1.2 GENERIC DEPLOYABLE SPACECRAFT CONFIGURATIONS 


The generic linear platform (Figure 1.2-1) ia baaed on the requirements 
established in this atudy. The purpose of developing such a platform is not 
to suggest that thia ia the beat or only configuration available, but to 
display and understand the many problems encountered in designing a deployable 
system. Without such a configuration to study, there is a tendency to 
concentrate on the truss structure and overlook such important points as 
orbiter integration/ packaging, deployment sequence and attachment of one 
section to another. 

The configuration of the deployed platform ia similar to the ASASP. The 
overall dimensions of the structure are 146 metera by 73 meters. The payloads 
shown (i.e., the reference payload system) are the atmospheric gravity-wave 
antenna, particle beam injection experiment, astrometric telescope, and IR 
telescope. Each of the four payloads is mounted at a "hard point" and not on 
the deployable truss itself. The design goal ia to avoid mounting equipment 
on the deployable truss unless it ia absolutely necessary. This policy has 
been followed throughout all the drawings. The electrical power for the 
reference payloads, _nd spacecraft systems, with allowances for line losses is 
50 kV. The solar array is suitably sized and has the necessary rotary joints 
for two degrees of freedom. A radiator is shown mounted adjacent to the solar 
array module. 

Although the reference payloads are LEO payloads, an orbit transfer vehicle ia 
mounted on the aft end of the platform. Pour reaction control system (RCS) 
modules are shown, of which two are mounted on short booms deployed from the 
control module, and two are mounted on structural hard points. 

The control module (CM) serves three functions, i.e., it is a cradle or pallet 
for mounting equipment in the orbiter, a building platform for deploying the 
platform, and it is a part of the spacecraft platform and functions as the 
control center and houses equipment such as batteries, communications, data 
storage, and power conversion and control. 

Provisions for doc king/ berthing of the orbiter are shown at the control 
module, at tne solar array module, and at hard points on the structure, 
suitable for servicing payloads or propulsion units. 

The structure consists of building blocks, arranged ia such a fashion that 
they deploy sequentially or in unison to form the configuration shown. There 
is no "erection" or EVA involved, and there is no requirement for a building 
fixture or jig. 

In the development of the several conoepta for the trusses and building 
blocks, the generic platform was modified slightly to incorporate needs as 
they arose: for instance, sometimes there are two control modules and 

sometimes two trusses are Joined into one building block. 

Subeequent to the development of the generic linear platform, a generic area 
platform was studied in which the structural assembly behaves as a plate 
rather than as a number of beams connected together. The advantages expected 
to be gained of such a structure are: 
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Figure 1.2-1. 


Generic Linear Platform 





o A significant increase in stiffness provided payload and equipment 
attachments span to three node points. 

o A aig ^ificant decrease in torsional- type , thermal-induced 
deflections . 

o Both of the abo/e advantages may permit simplification of the 
control system, depending on the specifics of the design. 

o Significant reduction in GEO orbit transfer-induced member loads, 
particularly for thrust in the plane of the platform. ThiB is 
particularly favorable to joint designs. 

o Significant increase in number of paths for routing of power and 
data lines. 

The disadvantages of an area platform such as the Generic Area Tlatform 
Figure 1.2-2 are: 

o A large area platform has drawbacks as compared with a linear 

platform when payload servicing/replacement is considered. The 
platform shown is about 1.5 meters deep. If the depth 1 ~ increased, 
the accessibility problem is aggravated. This is a problem which is 
common to all large area platforms regardless of the type of 
structure deployment method. 

o Deployablt area structures which deploy in two directions (i.e., 

length and width) possess certain drawbacks which are not present in 
other concepts: 

Difficulty of controlling and holding the platform while it is 
deploying . 

All bays deploy simultaneously in both directions, with root 
strength not achievable until full deployment. 

Rockwell Inc. is not aware of the need for such an area platform application 
for the time period 1990-2000 other than solar arrays and antennas being 
developed in other study contracts. Therefore, with the concurrence of 
NA3A/MSFC, the design of a deployable area platform was discontinued. 
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1.3 DEPLOYABLE PLATFORM SYSTEMS CONCEPTS ' 

This section describes the individual component concepts developed that, in 
total, comprise the basic building block (Figure 1) from which automatically 
deployable platform systems can be constructed. The basic components (Figure 
1.3-1) are the deployable truss, utilities integration system, deployment 
mechanisation and rail system, the main housing into which the foregoing 
systems are folded during launch, and the end adapter. 

The candidate designs for each of the aforementioned components are discussed 
in this section. In Section 1.4, the candidate components are integrated into 
total building blocks. Also, in Seotion 1.4, the integrated building-block 
designs were used to construct the generic spacecraft configuration, starting 
with packaging in the orbiter and ending with the fully deployed basic 
platform system. 

The following section discusses the candidate designs developed for each of 
the building-block components discussed above. 

1.3.1 Deployable Trusses 

The establishment of the candidate deployable truss concepts gave seripu3 
consideration to the applicability of existing concepts. The search included 
review of in-house documents, the applicable documents listed in the four 
Large Space Systems Technology (LSST) bibliographies (Reference 12), and 
reviews of reports and discussions with the associated study managers of 
concepts recently developed/ documented. Figure 1.3-2 illustrates most of the 
designs that were compiled as a result of that effort. Barring unseen 
proprietary designs, there is .10 deployable structure panacea, i.e. , a 
structure that can be doubly folder into a very compact configuration (with 
utilities integration) that can do integrated into an automatically deployable 
platform system. 

Figure 1.3-2 encompasses flight-proven designs, designs for which 
demonstration models have been made, and proposed concepts. These designs 
were reviewed on the basis of their suitability to satisfy the adopted 
strength and stiffness requirements and complement of utilities; compatibility 
with the total building-block approach; and compatibility with the single bay 
at a time deployment approach with maintenance of root strength during 
deployment. The designs using X-braced tension cables such as designs A, B, 

G, H, and K represent single-folded structures that are not compatible with 
the adopted GJ stiffness requirements. 

The same comment is applicable to Concept F. A demonstration model of this 
concept was observed at the AIAA symposium in Long Beach, California, held on 
May 14, 1981. The design is a box truss containing circular longerons and 
I-section battens into which the longerons nest during stowage. t The diagonal 
system uses X-braced tension straps preadjusted on the ground, so the preload 
is induced upon extension/locking of the longerons. Strap tension is 
approximately 45 N. No evidence of utilities integration was present in the 
model cell, which was approximately 4*6 m on its side. Demonstration of the 
model was presented by a series of staged slides. The basic deployment 
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Figure 1.3-2. Review of Applicability of 
Industry Existing and Rocku-ell IRSD Designs 

concept (obtained from Reference 8), however, for one bay at a time deployment 
utilizing stored strain energy (with retention of the remaining structure) was 
used initially in the development of Concepts 4 and 6. 

Concept E has been successfully tested in the Neutral Buoyancy Tank at MSFC 
(References 9 and ll). Thie design has a limited length storable in the 
Shuttle cargo bay, since the longerons are not folded. This concept is 
regarded as essentially an erectable concept, and was not considered further, 
since no apparent method was foreseeable to use this concept in an 
automatically deployable platform system. The Rockwell-proposed designs (I 
and J) were not considered further for the same reason despite the attractive 
feature of non- folding longerons. 

Concepts 1 and M were not pursued further because of poor packaging 
characteristics. Concept C (Reference 10) was not significantly different 
from Concept 1 (Figure 1.3-4). 

Concept D represents a very efficient double-folded structure. The basic 
structure mechanization is quite simple (in the context of the complexity of 
double folding). Examination of the demonstration model (courtesy of General 
Dynamics) revealed well designed joints (concentric load paths and a minimum 
of material). This concept was therefore included (as Concept 3) in the 
candidate designs, although difficulty with integration into an automatically 
deployable spacecraft configuration was anticipated. Unquestionably, the 
design is extremely attractive in an erectable platform system that, through 
use of a fixture, joins together numerous deployable truss modules. 
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The development of new truae concepts reaulted in the matrix of truaa deaigna 
shown in Figure 1.3-5. This matrix of deaigna was derived to include the 
acope of single and double-folded designs, a design with X-braced tension 
cables that could satisfy the GJ stiffness requirements, and designs using 
triangular and square c roaa-s actions. The matrix of these design variations 
is shown in Table 1.3-1. 




Figure 1.3-3. Candidate Deployable Platform Structure Concepts 


All of the designs shown (Figure 1*3-3) satisfy the requirements in Section 
1.1, with emphasis placed upon! 

o One bay at a time deployment to maintain root strength during all 
phases of deployment. A rail system is provided on the 
building-block main housing for root strength. Upon completion of 
deployment, the main load path from truss to truss is through the 
adapters and main housing (Section 1.3.4). 

o Satisfaction of the adopted strength and stiffness requirements in 
Section 1*1.1. 

0 Capability to be integrated into the building block concept shown in 
Figure 1. For example, the matrix of design variations (Table 1.3-1) 
includes no designs that have only a lateral fold despite the signif- 
icant advantage of such a design. Such a design could have clevis 
joints in the longerons approximately 17 ra apart. 
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Table 1.3-1. 

Matrix of Truss Variations 
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The eight truss concepts shown in Figure 1.3-3 are discussed in detail in 
Section 1.4. The structural drawings are presented in Volume II. The main 
features in the development of each of these trusses are as follows: 

o Concept 1 (Figure 1.3-4) utilizes the kinematic advantage of the 
General Dynamics (GD) tetrahedral truss (for a single-folded 
design) , the folding advantages of nesting the longerons and 
diagonals into the pyramidal members , and provision of clear 
space for utilities support trays. 

o Concept 2 (Figure 1,3-5) utilizes the high packaging efficiency 
of the offset longerons and shear panel as shown. The design 
requires only the diagonals shown in the top plane. Redundancy 
for meteoroid impact can be provided by addition of lower plane 
diagonals. The shear panel was used to provide lateral stiffness 
to the hinge line member to minimize deflection due to the offset 
longerons . 

o Concept 3 (Figure 1.3-6) is included for the reasons discussed 
previously. 

o Concept 4 (Figure 1.3-7) places emphasis on structural simplicity 
(in contrast to the designs of Concepts 2, 3, 5, 7, and 8), both 
in regard to member shape and kinematics. All the structural 
members are circular tubes, with folding of the longerons and 
telescoping of the diagonals as shown. 
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Figure 1.3-4. Concept 1 — Pentahedral Truss 



Figure 1.3-5. Concept 2 — Warren Truss 
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Figure 1.3-6. Concept 3 — Tetrahedral Truss 


LONGERON 



Figure 1.3-7. Concept 4 — Truss 
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o Concepts 5 and 7 (Figure 1.3-8) utilize the advantages of double 
folding (increased structure depth, fewer members and Joints, and 
increased packaging efficiency) with provision oi a rigid main 
housing structure. Both concepts utilize telescoping battens to 
deploy laterally to the larger cross-section shown. The increased 
depth provided by the double-fold permitted consideration of 
X-braced tension cables (Concept 5). However, in view of the ever 
present concern for maintaining cable tension throughout the thermal 
variation spectrum, a design with compression diagonals was 
considered (Concept 7). 





Figure 1.3-8. Concepts 5 and 7 — Truss 


o Concept 6 (Figure 1*3-9) establishes a square truss version of 
Concept 4, i.e., the fame emphasis upon structural simplicity. 
The square truss can be either statically determinate (battens 
braced at end bays only) or redundant (all batten bays braced). 
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Figure 1.3-9. Concept 6 — Truss 


o Concept 8 (Figure 1.3-10) has the advantages of the square truss 
(redundancy, ease of building-block to building-block attachment, 
accommodation of payloads), but with the high packaging efficiency 
achieved through nesting of the longerons into the battens, and 
the availability of the total area inside the batten for mounting 
utilities in trays. 





1.3.2 Utilities Installations 


1.3.2. 1 Requirements/Ob Jectivea 

The requiraments/objectives for installation of the utilities into the 

deployable structure are as follows! 

o Incorporate the adopted requirements for power, data, signal and 
fluid lines established in Sections 1.1.2 and 1.1.3. 

o Growth capability is desirable. 

o Automatic deployment, as part of the building block, in space and on 
the ground with manual or ground support equipment (GSE) assistance 
if necessary. 

o Retraction in apace is not necessary, but on the ground retraction 
is required with manual or GSE assistance if necessary. 

o Minimum number of joints/connections along a truss with no joints 
preferred. 

0 Minimum number of in-space connections with none being preferable. 
This depends as ouch on the method of integrating the building 
blocks into the platform, as it does on integrating the utilities 
into the building block. 

o On the ground end-to-end checkout is highly desirable including all 
building blocks and possibly small payloads with no break/remake 
connections between ground checkout, loading in the orbiter, and 
final deployment. 

o Protection from adverse environments (thermal, radiation, vibration 

during launch) 

0 High reliability 

o Weight - not a big driver for LEO but important for GEO. 

0 Separation of power and data/signal lines (minimum electrical 
interference) 

o Accessibility - ease of installation, maintenance and replacement, 
and accommodations of design changes 

1 .3.2.2 Installation Methods 

Pour general methods for installation of utilities were investigated; 
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T he results of a design review are shown in Table 1,3-2. ,e conclusions to 
be drawn from this review are: 

o No one method of utilities installation is best for every 
configuration and mission. 

o If room is available, the tray method is preferred for 
integration of a large quantity of utilities. 

o For a limited number of utilities, installation on the outside 
of longerons is preferred. 


1.3. 2. 3 Fluid lines 


The fluid lines are nominally two centimeter -iameter flexible lines 
containing Freon for cooling purposes. Other sizes and shapes are available 
to suit the specific requirements of the various configurations investigated. 
The two main problems encountered in using such lines are the bend radius and 
associated bending moment, and temperature control. 

The bend radius required in any truss installation depends on the pitch 
distance between batten frames in the packaged configuration. The designer 
naturally attempts to keep this distance as 3mall as possible to obtain a high 
packaging ratio, hence the importance of bend radius. If it is necessary to 
maintain the folded line in one plane the best bend radius obtainaoxo is equal 
to the pitch distance less half the diameter (Figure 1.3.-11). If it is 
possible to overlap the lines out of plane, the bend radiuo can be increased 
(Figure 1.3-12). 


The acceptable bend radius of a 2-centimeter-diaraeter flexible fluid line i3 3 
centimeters with an associated bending moment of 7 Nm (courtesy of Metal 
Bellows Corp.). In the evjmt that a 2-centimeter-diameter line cannot be 
installed, there is always the alternative of using a greater quantity of 
smaller lines i.e. four 1.4 centimeters diameter lines. Another interesting 
possibility is the "race-track" shape (Figure 1.3-11) which permits a small 
bend radius. Table 1.3. -3 lists some characteristics of utilities installed 
on the Rockwell building blocks. In cases where the permissible bend radius 
of the installation falls below that which is recommended for a 2 contimeters 
diameter line, the system uses smaller lines. 

Fluid lines require thermal insulation to prevent the Freon from freezing 
during eclipse periods. Six layers of MLI (multi-layer insulation) is 
estimated to be sufficient protection (Section 1.1.3). The MLI is retained on 
the outside of the flexible line by a loosely woven nylon jacket which will 
not interfere with the flexing of the line. 
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Table 1.3-2. Comparison of Utilities Installation 


METHOD 

PRO 

CON 

TRAYS 

• SIMPLE INSTALLATION— PERMITS 
STRUCTURAL ASSEMBLY, RIGGING, AND 
TESTING PRIOR TO UTILITIES INSTAL- 
LATION 

• ACCESSIBLE FOR OCSIGN CHANGES 

• EASE OF MAINTENANCE t REPLACEMENT 

• GOOD GROWTH POTENTIAL 

• METEOROID IMPACT PROTECTION 

• SEPARATION OF POWER AMD DATA 

• GOOD SUPPORT FOR LAUNCH 

• DISPERSED AGAINST METEOROID IMPACT 

• GOOD HEAT DISSIPATION FOR ELECTRIC 
POWER LINES 

• EXTRA COST 

• EXTRA WEIGHT (GEO) 

• EXTRA SPACE 

COILS 

t 

LOOPS 

• SIMPLE INSTALLATION— PERMITS 
STRUCTURAL ASSEMBLY, RIGGING, AND 
TESTING PRIOR TO UTILITIES INSTAL- 
LATION 

• ACCESSIBLE FOR DESIGN CHANGES 

• EASE OF MAINTENANCE l REPLACEMENT 

• LIGHTWEIGHT, LOW-COST INSTALLATION 

• FAIRLY GOOD HEAT DISSIPATION FOR 
ELECTRIC POWER LINES 

• GOOD SEPARATION OF POWER AND DATA 

• LARGE BEND RADII OF LINES 

• GROUND CHECKOUT— INCREASED FOLDING 
TIME 

• LIMITED GROWTH POTENTIAL 

• NO METEOROID IMPACT PROTECTION 

• NOT DISPERSED AGAINST METEOROID 
IMPACT 

• LAUNCH SUPPORT COULD BE PROBLEM 

outsioe 

OF 

LONGERONS 

• SIMPLE INSTALLATION 

• ACCESSIBLE FOR DESIGN CHANGES 

• EASE OF MAINTENANCE A REPLACEMENT 

• GOOD SUPPORT FOR LAUNCH 

• GOOD HEAT DISSIPATION FOR ELECTRIC 
POWER LINES 

• LOW-COST, LIGHTWEIGHT INSTALLATION 

• LIMITED NUMBER OF UTILITY LINES 

• MAY NOT BE ABLE TO SEPARATE POWER 
AND DATA 

• NO METEOROID IMPACT PROTECTION 

• NOT DISSPERSED AGAINST METEOROID 
IMPACT 

INSIOI 

OF 

STRUCTURAL 

MEMBERS 

• METEOROID IMPACT PROTECTION 

• GOOD SUPPORT FOR LAUNCH 

• LIGHTWEIGHT INSTALLATION 

■ SMALL BEND RADII OF LINES 
(NEW TECHNOLOGY) 

• MAY REQUIRE INCREASED LAY ANGLE 

(INCREASED WEIGHT 1 LOSSES) 

• DIFFICULT TO INSTALL— INSTALLATION 
DURING PIECE-BY-PIECE STRUC. ASSY. 

• NOT ACCESSIBLE FOR DESIGN CHANGES 

• DIFFICULTY OF MAI NT. $ REPLACEMENT 

• GROWTH POTENTIAL POOR 

• MAY NOT BE ABLE TO SEPARATE DATA 

AND POWER 

• NOT DISPERSED AGAINST METEOROID 

IMPACT 

• POOR HEAT DISSIPATION FOR ELECTRIC 

POWER LINES 

• NOT SUITABLE FOR SMALL MEMBERS 

(SMALL PLATFORMS) 
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Table 1.3-3. Electrical and Fluid Utilities Characteristics 



electr;cal 

— 

FLUID 



BEND 


BEND 



RADIUS 


RADIUS 

CONCEPT 

METHOD 

(cm) 

METHOD 

(cm) 

1 

TRAYS 

6.3 

trays 

12 

2 

TRAYS 

3-3 

OVERLAP FOLDS 

20 

3 

COILS 

24.0 

OVERLAP FOLDS 

20 

4 

OVERLAP FOLDS 

22.3 

OVERLAP FOLDS 

14 

5 

TRAYS 

2.9 

TRAYS 

4 

6 

OVERLAP FOLDS 

22.3 

OVERLAP FOLDS 

14 

7 

TRAYS 

2.9 

TRAYS 

4 

8 

TRAYS 

2.5 

TRAYS 

3 . 1 

8 

LONGERON.} 

20.3 

LONGERONS 

20 


1*3. 2. A Electrical Utilities 

The electrical utilities consist of power lines; twisted shielded pairs for both 
•signal and data lines; and for data lines, fiber optics and coaxial. 

The twisted shielded pairs and coaxial lines are of small diameter and are 
flexible and pose no problems pertinent to folding in the trays or into loop'' 
as required. 'The type of overall platform design envisioned by Rockwell 
avoids the problems of multiple coaxial connectors. There are no coaxial 
connectors on the trusses where f lexis occurs and, since the entire platform 
is packaged and deployed as a unit vitnout piece-hy-piece assembly, there are 
verv few connectors in a line which may run from one end of the platform to 
the other, traversing several building blocks in the process. 

Fiber optics are sensitive to radiation degradation and to cracking caused by 
thermal cycling. Also, at low temperature some fiber optica cease to 
transmit. The present drive in the industry is to improve fiber optic 
materials and to develop shielding to overcome these problems. This is listed 
as a line item in the technology development section. In the event fiber 
optics are not ready for 1986. copper lines can be used instead. 

Power lines for ispace platforms do not need the heavy insulation commonly 
found on elect lical cables for earth applications. There is no moisture 
problem in space and no requirement for "idiot pro *. i ruggedness". 

Consequently, a light, loosely y 'On insulation in recommended. Such 
insulation will save weight, flexibility, and avoid cracking when 

folded. 

The acceptable bend D/d rati:: cciated with the sizes of power cables 

sftlected are shown in Table i.3-+. 


1-44 












ORIGINAL PAGE 13 
OF POOR QUALITY 


Table 1.3-4. Permissible Electrical Conductor D/d Bend Ratios 


cable size 

D/d 

BEND RADIUS 
(cm) 

0 

6 

2.45 

2 

6 

1.96 

4 

6 

1.55 

WIRE BUNDLES 

10 

23 


The actual bend D/d ratios (Table 1.3-3) all exceed these acceptable values. 

The permissible D/d shown in Table 1.3-4 were obtained by review of the par- 
ametric data (Figures 1.3-13 through 1.3-16) furnished by Tension Member 
Technology (TMT) . The review used a maximum permissible strain of 2.5% based 
on upward adjustment of the strain data shown in Figure 1.3-18 since the data 
shown are for cyclic reversal of strain which does not occur in the bending of 
the cables. Further, the value of 2.5% is regarded as reasonable since the 
following analysis includes the strain imposed during fabrication of the cable 
which occurs only once. The basis of the 40 cycles of strain shown in Figure 
1.3-17 comes from the assumption of 10 cycles of folding (during installation, 
checkout, and final deployment) multiplied by a scatter factor of 4. 

The analyses are all based upon the use of a 15-degree lay angle (essentially 
standard cable fabrication practice). 

o For a No. 2 conductor a maximum strain of 1.5% is determined 
from Figure 1.3-13 for D/d =“ 6. The D/d * 6 is conservative. 

o For a No. 0 conductor a maximum strain of 1.1% is determined 
from Figure 1.3-14 for D/d » 6. The D/d - 6 is conservative. 

o For a 1 x 7 wire bundle comprised of No. 2 conductors, from 
Figure 1.3-15, the curvature ratio for bending to a D/d =■ 10 
is 19, the initial wrap curvature is 32. From Figure 1.3-13 
the maximum possible strains are respectively 1.2 and 1.15%, 
or a total of 2.35%. A 1 x 7 bundle of No. 0 conductors is 

less critical. It Is pertinent to note the cyclic strain 
is less than half of the total strain. 

o A 1 x 19 wire bundle to a D/d = 10 will have less strain. 

The bending moments associated with bending these cables, to the D/d ratios 
discussed herein, are not significant to the concept development. For example, 
the limit bending moment incurred in bending a No. 0 cable to a D/d » 6 Is 
0.7 Ism . 

The background for the foregoing analysis is based upon the additional docu- 
mentation (and discussions) provided by TMT as follows: 

The bending of a helically wound cable produces bending, extensional, and 
torsional strains in the individual cblla elements. The bending strain is a 
result of the change of curvature of the elements as the cable Is bent. 
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Figure 1.3-13. haximum Bending Strain 
— Wo. 2 Conductor 
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Figure 1.3-15. Minimum Bending Curvature Ratio 

— 1 x 7 Structure 






1-48 




MINIMUN BENDING CURVATURE RATIO 


oriumal 

0F POOR 


age ij 

y^ALfTy 


100.0 
10 0 

10.0 

70.0 

60.0 

50.0 

40.0 

JO. 0 


20.0 



LAY ANCLE ( S) , DECREES 
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Figure 1.3-17. Copper Filament 
Fatigue Data 
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Extensional strain occurs when the elements of the cable are prevented from 
axial movement due to friction forces among them, thus requiring the elements 
to elongate or foreshorten to comply with changes in their local path length 
as the cable is bent. This friction-induced extensional strain of the cable 
elements is in addition to any strain which may exist due to tensile loading 
and elongation of the complete cable assembly. Torsional strains are the 
result of twisting of the individual elements due to bending distortions of 
their helical paths. 

Both the bending and torsional strains induced in individual cable elements 
become smaller for decreasing element size relative to the total cable size. 
Extensional strains due to bending become smaller with reduced values of 
internal cable friction. 

The analysis described in this report assumes that both the extensional and 
torsional strains are negligible and that only bending strains are 
significant. This assumption is valid for a frictionless cable wherein the 
elements are free to move axially with reepect to each other. The known 
techniques for approximating this frictionleso condition are the utilization 
of ample cable lubrication and/or a "loose pack" cable design. For some 
applications, low cable friction can be achieved by enclosing the cable 
assembly within a loose-fitting tube or hose which contains a lubricant such 
as s liquid f luoropolyme r. Of course, such a design is not suited for 
deployable space structures. However, a "loose pack" cable design is quite 
appropriate. In such a cable, the individual elements ideally are helically 
wound and held loosely together with some average spacing among them* The 
result is a nearly frictionless cable which provides for minimum straia on the 
individual elements during cable bending. 

The No. 2 ( 19 x 35) and No. 0 (19 x 55) cable constructions are defined as 
"cables" which consist of 19 "strands," each of which consists of a number of 
"elements" (35 and 55, respectively). The 19 strands are arranged with one 
atrand in the center of the assembly , a layer of six strands around the center 
strand, and a layer of twelve strands around that. The 1x7 and 1 x 19 
constructions are defined as "cables" (or "strands") which consist of a number 
of "elements" (7 and 19, respectively). In each case, the "elements" are the 
smallest subunits of the construction. 

The numerical analysis included computation of the bending strains induced in 
the individual cable elements both during original manufacture of the cable 
assembly and as a result of bending this assembly to various ratios of bending 
diameter to cable diameter. Figures 1.3-13 and -14 show the results of this 
analysis for the No. 2 and No. 0 cable constructions. For this analysis, it 
was assumed that the helical direction of the elements within the individual 
strands was opposite that of the strands in the complete cable assembly. It 
was also assumed that the 19 strands were manufactured as a "bunched" strand 
configuration. Furthermore, the analysis required that the lay angle of the 
elements within the strands be equal to the lay angle of the strands within 
the cable assembly. Without this restriction, the analysis would have 
required an additional plotting dimension. 
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The curvea in Figures 1 . 3-13 and -14 are dimensionless and can be applied to 
any size cable made with the indicated configurations. On each of these 
curvea, the reference angle 0 defines the location of the strand within the 
cable (0 ■ 0 corresponds to the strand furthest from the center of curvature 
of the entire cable assembly). Similarly, the reference angle 0 defines the 
location of an individual element within that strand (0 ■ 0 corresponds to 
the element which is furthest from the cable centerline). The combinations of 
9 and 0 indicated in these figures correspond to the locations of the 
maximum element bending strain (minimum radius of curvature). 

The curve for D/d * infinity corresponds to a straight cable assembly and 
indicates the maximum bending strain (miulmum radius of curvature) in 
individual elements as the result of the elements being formed into a double 
helix during the cable manufacturing process. The location of this maximum 
bending strain corresponds to 0 ■* 0 for all values of 9. In other words, 
for a straight cable, thia maximum bending strain occures in the cable 
elements which are furthest from the cable centerline. 

The remaining curves for various values of D/d indicate the maximum bending 
strain (minimum radius of curvature) in the individual elements after bending 
the entire cable assembly. In all cases, this maximum bending strain is that 
which is produced as a cable element, which is initially straight, and assumes 
some final radiua of curvature in the bent cable assembly. Not included in 
this analysis is any initial state of strain which the individual elements may 
have had as the result of wire drawing or heat treating processes occurring 
prior to the elements being formed into the cable. 

Note that the location of the maximum bonding strain changes as a function of 
both the element lay angle and the ratio of the bending diameter to the cable 
diameter. The reader ia cautioned against attempting to take the difference 
between the D/d • infinity curve and any other curve to determine the change 
in element bending strain due to bending the entire cable assembly. This 
procedure will not yield accurate results in all cases, since the site of 
maximum Dending strain within a straight cable may be different than the site 
of maximum bending strain within a bent cable. Furthermore, even if the sites 
of maximum bending strain are identical in both the straight and bent cable, 
it ia possible that for some cable geometries and bending diameters, the 
radiua of curvature of an individual element may pass through infinity aa the 
cable is bent, thereby producing a change in strain due to banding which is 
greater than the net bending strain which exists either before or after the 
cable is bent. 

Figures 1.3-15 and -16 for the 1x7 and 1 x 19 configurations indicate the 
minimum bending curvature ratio, which is the minimum radius of curvature of 
an outer layer element divided by the radius of that element. Again, these 
curves are dimensionless, and they can be applied to any size cable made with 
the indicated configuration. The curve for D/d ■ infinity can be used to 
describe the minimum radius of curvature of one of the outer elements in a 
straight cable. The remaining curves indicate the minimum radius of curvature 
of one of the outer cable elements after the cable is bent. 
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All the four curves have been corrected to take into account the fact that the 
diameter of the oomplete cable assembly increases with increasing lay angle of 
the individual elements and atranda. In other words, for a D/d ratio of 10, a 

larger bending diameter is required for a cable assembled with 20-degree lay 

angles than is required for a cable assembled with 10-degree lay angles. 

The curves in 1.3-13 and -14 may be used directly to determine the maximum 
bending atrain produced in an individual element of a No. 0 or a No. 2 

conductor as ths result of the original cable manufacturing p. mesas or as a 

result of bending the cable to a specified bending diameter, it is important 
to note, however, that when establishing a value for D/d, the "d" applies to 
the outside diameter of a bare conductor. Any insulating jacket which is 
applied over the conductor muat be ignored for purpoaes of determining the 
maximum strain. 

All the curves require that the lay angle of the cable component be specified 
in order to determine the maximum bending strain or the minimum bending 
curvature ratio. For a cable component which follows a simple helical path, 
the lay angle ia defined ass 


whs re 
r 


l 


Lay angle “ Arctan 2 nr 

i. 


the pitch radius of the cable component as measured 
from the axis of the helix to the center of that 
component , and 

the lay length of the cable component (the distance 
measured along the axis of the helix corresponding 
to one helical pitch of the cable component). 


1*3.3 Deployment Mechanization Concepts 

The requirements for the deployment mechanism are: 


0 Automatic deployment - in apace, on the ground manual or GSE 
assistance is permissible. 

0 Retraction is nice but not a firm requirement. 

0 One bay at a time deployment. 

0 Controlled rate of deployment. Sometimes it may be necessary to 
synchronize several trusses being deployed. 

0 Root strength of truss maintained throughout deployment. 

o Suitable for use with the building blook approach for deployment of 
a platform. 

0 Compact or foldable. 
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o Low power consumption, 

o High reliability. 

o Suitable and aafe for EVA operations in the event of a malfunction. 

o Able to generate extra force in the event of a "hang-up" or jam. 

The following sections describe the deployment techniques considered in this 
study. 


1.3. 3.1 Pressurization 

Pressurization systems were investigated but no suitable applications were 
discovered. 

1.3*3. 2 Cable Deployment Systems 

Cable systems are sometimes used for deployment and/or retraction of trusses 
and similar structures. They may be used as the prime motive source or in 
conjunction with deployment springs, in which case the cable may function as a 
restraining device. Cable systems tend to deploy all the bays of a truss 
simultaneously or in a random fashion. This may be acceptable for a single 
truss but is not acceptable for a system with many trusses. A remedy for this 
uncontrolled deployment ia to tie all of the batten frames together by latches 
which are released sequentially. Alternatively a "hold-back" sequencing 
mechanism can be incorporated in the main housing. Another and more complex 
method is to have a separate cable system for each bay. 

Depending on the truss being used, a cable system will probably not develop 
root strength of the truss unless it is aided by auxiliary guide rails* 

Although cable systems were investigated, the truss concepts developed herein 
were not appropriate for the use of cables. 

1.3*3. 3 -5 red Energy Deployment Systems 

Of the stored energy devices available, mechanical springs are the most 
suitable for trues deployment. Other devices such as gas cylinders are more 
complex and bulky and leas relilable. Mechanical springs used may be tension, 
torsion, compression, leaf or any of the other forms available. 

Spring deployment systems have many of the same characteristics as cable 
systems; simultaneous bay deployment, lack of accurate control over deployment 
rate, and lack of root strength development. These drawbacks can be overcome 
by the addition of other devices, such as restraining cables, sequenced 
latches and guide ralla. 

Concepts 4 and 6 were initially designed for torsion spring deployment using 
sequenced mechanisms as shown in Figure 1.3-18, This is a mechanism which 
holds adjacent battens together as part of the truss stowed stack. Upon 
receipt of a command signal, a fuse wire which holds together the two halves 
of a nut is melted. The nut and bolt separate and the batten is free to 
deploy under the influence of torsion springs (not shown). 
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Figure 1.3-18. Latching Mechanisms 
between No. 2 and No. 3 Battens 


Spring deployment is usually not as positive as a mechanical drive. It is 
sometimes difficult to obtain a reserve of force without inducing unwelcome 
accelerations in the item being deployed. For longerons which unfold and 
move to an over center or "in line" configuration, light springs located at 
the longeron center hinge are very useful. They can provide a kick over the 
last few degrees of movement which is difficult to obtain by other means. 
Such springs were used in the design of longeron latches as shown in 
Figure 1.3-19. 



• LONGERON: OFFSET HINGE WITH HOOK LATCH 



•LONGERON: OVER CENTER LINKAGE HINGE 




♦ LONGERON: CENTER LATCH 


Figure 1.3-19. Longeron Latching Mechanisms 
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1.3. 3. 4 Mechanical Deployment System 

The mechanical deployment system used is the same or equivalent to the recipro- 
cating tape and pulley with integral guide rails developed by General Dynamics 
for their tetrahedral truss (Figure 1.3-20). 



Figure 1.3-20. Deployment <al.lj 
and rtechani /a 

The system consists of two guide rails (Figure L.321), each carrying a tape 
and pulley arrangement which advances to deploy one bay, then returns to 
deploy the next bay. To completely control the motion of the truss and to 
develop root strength, the guide rails need to extend a distance of two 
deployed bays from the front of the stowed truss stack. The mechanism needs 
to extend only half way along that distance. The pulleyB are motor driven 
and are controlled electronically. A method of folding the guide rails and 
mechanism is shown on Drawing 42712-016, sheet 4 (Volume II). 

DRIVE MOTOR 



Figure 1.3-21. Detail of Deployment Rail 


1-55 


UKIGU'JAL PAGE 13 
OF POOR QUALITY 


For ■ trust whose profile changee during daploymeot (Concepts 1, 2 and 3) th* 
two rail systsm Just described is uaad. However, for truaaaa whoa* profil* 
do# a not change during deployment (Concepts 4, 5, 6, 7 and 8) a variation la 
available. It la poaalbl# to ua* 5 or 4 (uid* rails, (depending on whether 
th* truae is triMiyular or square) th* length of th* rails being equal to only 
an* bay in front of th* stowed truss stack. Th* operation of th* rails and 
mechanism remains essentially unchanged. 

Th* reciprocating machaniaal deployment system la th* design selected for th* 
deployable platform. It meets all of th* requirements and does not suffer 
from th* drawbacks of th* other systems considered. 

1.3. 3. 5 Payload Deployment 

On* problem associated with th* use of guide tells arises when extending a 
truss which has a payload or module ao wide that the guide rails cannot 
straddle it, (Figure 1.3-22) and therefore cannot be unfolded until the true* 
has extended and moved the large peyload out of the way. Obvloualy, if the 
guide rails are not in position whsn th# truss/payload is moving, thare is no 
root strsngth davslopsd. 
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Figure 1.3-22. Deployment Rail Issue 
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The *e are seveial possible solutions. 


ORIGINAL F/.oE 

OF POOR QUALITY 


3olutior. J: Use fixed rails (figure 1.3-23). This design uses acre stowage 

length in the orbiter and the large payload ie not supported 
directly from the main housing. 







figure 1.3-23. Fixed Rail Method 


Solution 2: Penetrate the module (Pig* -e 1.3-24). It is not likely that the 

raila would bo allowed penetrate an actual payload but it ia 
quite possible that t’aey could ponetrate a structural module. 



Figure 1.3-24. Penetration Method 


Solution 3s Spar booms (Figure 1.3-25). This appears to be the mcit feasible 
solution to the stated problem for situations with payloads and 
modules as well. 




Figure 1.3-25. Spar Boom Method 



1 . 3 • 4 Main Houainga and Adapters 


Thin section describes the array of main houainga and adapter designs (Figure 
1.3-26) developed for the candidate concept trusses (discussed in Section 
1.3.1) that are compatible with the building-block concept. Additional 
information ia provided in the drawings listed in Volume II. 

Emphasis in ;he drawing development was placed upon concsntual rather than 
detailed design. Of primary concern was the overall concept integration with 
the truss, rail system, accomodation of docking ports and payloads, and 
suitability for inter-building-block attachments. Sufficient detail was 
presented to support the weights and cost analyses (Section 1.4). 

The primary functions of the housings are as follows: 

o Attachment of the deployable truss, mechanization, and rail 
system components. 

o Attachment of electrical, data, and fluid utilities feed-through 
connections (as required). 

o Provisions for mounting of docking port support rings for orbiter 
berthing or payload attachment. 

o Provision for structural attachment with adjacent building-block 
housings and/or adapters with accommodation of the variations in 
the buildirg blocks orientation. 

o Provision for structural attachments for orbiter installation. 

The structural concept for all the main housings shown is expected to be built 
up from numerically controlled integrally machined aluminum panels (2219-T6 or 
equivalent) to a truss or skin-stiffened construction depending on the 
specific design conditions. Thermal gradients can be greatly minimized to 
reduce the local thermal distortion (if required). If aluminum ia not 
adequate, (depending on tho pointing accuracy requirement) the main housing 
can be constructed of composite materials, but with increased coat. 

The adapter functions are as follows: 

o Provision of attachments to mount onto the extremity of the basic 
deployable truss. 

o Provision of all hardware to permit subsequent HMS attachment of 
payloads, HCS modules, and/or orbiter berthing ports. 

o Provision of automatic electrical and fluid line connectors. 

o Provision of structural stability to the main housipg during 

orbiter boost. 
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Vfhile three concejts are shown for the adapter, the moat likely construction 
is that of a numerically controlled, integrally machined aluminum design 
(thermal stability permitting). The machined panel permits the greateot 
flexibility for mounting of latches, connectors, etc. 

1.4 DEPLOYABLE PLATFORM SYSTEMS CONCEPT INTEGRATION 

This section describes the integration of the specific deployable truss 
concepts (l.3«l), utility folding concepts (1.3.2), deployment mechanization 
concepts (l.3.3) and main housings and adapters (1.3.4) into 8 candidate 
building block concepts that are subsequently compared in the concept 
selection study of Section 4. 

Unquestionably, a comparison of these diverse designs for satisfaction of a 
specific platforms unique configuration and performance requirements 
represents an anrle challenge but is possible within the scope of this study. 
Comparison of the 8 concepto for more than one platform of diflerent size, 
strength, stiffness, and utilities accommodations needs, while preferable, was 
beyond the scope of this study. The beat compromise therefore, was to perform 
the comparison in detail (production of drawings) for one baseline platform 
designed to one set of baseline requirements and, to the maximum extent 
possible, analyze and/or review the implications associated with departure of 
size and requirements from the baseline. 

The generic 'platform described in Section 1.2 was the baeeiina platform, with 
the adopted strength, stiffness, and utilities accommodations representing the 
baseline requirements. All 8 concepts were constrained in size to permit 
packaging of the generic platform in the orbiter as schematically shown in 
Figure 1.4-1. Additional details pertinent to packaging are shown on Drawing 
42712-02C (Volume II). The resulting deployable truss dimensions are shown on 
Figure 1.4-2. It is recognized that other options for each concept are 
possible. The options shown were the most likely at that point in the study. 
In fact, Concepts 2, 6, end 8 were subsequently (after completion of 
structural and thormal analyses) packaged as shown in Figure 1.4-3, permitting 
an increase in the truss width and depth. Hence, the data shown in Section 4 
for these concepts are slightly pessimistic. 





cMctm a, 5, 7 ewctPTs 6 t b 

Figure 1.4-1. Concepts for Packaging of 
Generic Platform 
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Figure 1.4-2. structural Concept Dimensions 
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CONCEPT 2 




Figure 1.4-3. Final Concept for Packaging 
(Concepts 2, 6, and 8) 

Referring to Figure 1.4-2, it is pertinent to note that the largest trues 
dimensions compatible with orbiter apace available, were uaed for the 
following reasons : 

o Packaging efficiency is increased with increase in truss depth 

o Best accommodation of utilities 

o Fewest structural members and Joints (reduced coat and minimum 
weight) 

The following sections describe the structural sizing method and approach, the 
8 integrated candidate building-block designs, the packaging of the generic 
platform utilizing these designs, and the thermal, mass properties, and 
fabrication cost data developed for use in the concept selection Finally, a 
discussion of significant miscellaneous issues is presented. 

1.4.1 Structural Slrdng Method and Approach 

A summary of the design ultimate compression load, shape, and structural sizes 
for the 8 deployable truss individual longeron, batten, diagonal and/or 
pyramidal members is presented in Table 1.4-1. The generation of these data 
are described as follows: 

o The individual compression loads were obtained by computer analysis 
of each truss (dimensions shown in Fig, 1.4-2) for the concurrent 
adopted limit bending and torsional moments of respectively, 

2.5xl0 4 and 1 xlO 4 Nm. An ultimate safety factor of 1-5 was 
used. The computer used equations developed from hand analyses 
which are sufficiently accurate for the purposes of this study. 

o The individual compression load in conjunction with the member 

length and specified material properties was input (automatically) 
into a column analyses subroutine. A CRT plot for each member is 
obtained such as that shown in Figure 1*4-4 for either longeron, 
batten, diagonal, or pyramidal members of circular, square, 
rectangular or I shape. The material properties used for the 
T300/934 graphite composite design was El*' 143,000 and E<r 
17,250 up a and for the P75S/934 E L - 231,000 and E T - 28,000 mpa. 


1-62 



1-63 


Table 1.4-1. Structural Sizes to Adopted Strength and Stiffness Requirements 


CONCEPT 

CHARACTERISTIC 

LONGERON 

PYRAMIDAL 

DIAGONAL 

BATTEN ** 

© 

ULT. LOAD (KN) 

28.8 V 

12.0 

15 3 

5.4 

SHAPE 

R 


W*W i il 


dimeMSToWs“Tcm) 

5.0, 0.43, 2.5. 0.43 

5.5, 0.1, 5.3, 0.18 

4.7, 0.15 

5 4 7 0.09. 4.6. 0 .13 

©• 

ULT. LOAD (KN) 

24.3 -/ 

— 

19.6 

— 

SHAPE 

R 

e 



3757 O'. 36 


ULT. LOAD (KN) 

12.5 

4.3 


2.1 

SHAPE 

C 

C 

— 

c 


44, 0.26 

2.8, 0.31 

2.8. fl.TB 

© 

ULT. LOAD (KN) 

36.0 V 

— 

14.4 

10.3 

SHAPE 

C 

C 

C 

DIMENSIONS (CM) 

3.75, 0.51 

4.7, 0.16 

3.1, 0.19 

© 

ULT. LOAD (KN) 

2 © 12.5 

— 

5.2 

6.9 

SHAPE 

R 

r TENSION 

STRAPS 



4.75, 0.13, 275, 0.15 

mi'iiHWiinw 

© 

ULT. LOAD (KN) 

22.4 V 

— 

9.5 

5.9 


C 

c 

c 


3 5, 0.5 

" 4.5, 0.09 

277* r 0.'33 


ULT. LOAD (KN) 

2 © 12.5 

— 

10.4 

5.9 


R 

Tt 




4.8,0.13,4.8, 0.13 

ujtmmuji H' w im 

Wm 

ULT. LOAD (KN) 

2 © 11.9 V 

— 

10.7 

5.9 ] 


* J 

R— 

■ ■■ 

■oiii 


“"3.3. 0:48, 2.5. 0.23 

1 — : — i — . 

~ 87T7^7ni7T^7m — 


KEY TO DATA 



125 


hrl 


SHAPE DENOTED BY C 



-X- 5 

SHAPE DENOTED BY R 
DIMENSIONS: 5.0, 

0 5 2 S 0 4 CM 



r a3 

1 TT 0 - 4 

SHAPE DENOTED BY I 
DIMENSIONS: 4.0, 

01 20 0 k CH 

D 1 HENS 1 OHS: 

iS I 

c 


»T| 

W= 

5.0 x 0.125 CH 


— M 

-5.0 — -j 

^ i 4 • / * u • " Ln 

A \ 

1 

U C u 

! — aoH 



NOTES : 

•SHEAR WEB FOR CONCEPT 2 
— 2.5-CH-DEEP ALUMINUM 
CORE, 0.CC5 CM GRAPH- 
ITE EPOXY FACE SHEETS 

••BATTEN OR LATERAL 


• DATA OF TELFSCOPING MEMBERS REFER TO INNER MEMBER. 

• MATERIAL IS T300/934 GRAPHITE EPOXY COMPOSITE UNLESS NOTED BY -/(ADJACENT TO LOAD) WHICH DENOTES 
T75S/934 . 

• SIZING IS TO ADOPTED STRENGTH AND STIFFNESS REQUIREMENTS . 
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Figure 1.4-4. Example of Column Sizing Data 


o For the longerons, data such aa shown in Figure 1.4-4 ware compared 
with the AE requirement compatible with the adopted flexural (El) 
stiffneaa requirement of 2xlO a nm . For example, for Concepts 
1* 2, 4, 6 and 8, the AE requirement waa more critical than the 
column stability requirement. For these cases the higher modulus 
material waa uaed to maintain good packaging efficiency and/or avoid 
aolid members. Note that for an El requirement equal to half the 
adopted value, the T700/934 would be used. The cost penalty with 
use of the P75S/934 was accounted for in the fabrication cost 
analyses. For all the longerons the sizes were based upon the best 
compromise, through discussion with the designer, in regard to 
packaging, suitability of end joint attachment, and space for the 
folding joint. 

o For the diagonal, battens, and/or pyramidal members, the data such 
as shown in Figure 1.4-4 were developed with sizes determined based 
upon the beat compromise with the designer as described above. The 
sizes obtained were checked (excepting Concepts 2 and 5) for 
satisfaction of the adopted torsional stiffness (GJ). For Concepts 
1, 3, 4, 6, 7, and Q the designs satisfied the adopted torsional 
stiffness of 5x10° Nnr (Concept 3 in fact had a G.T five times 
greater than that required). For Concent 5 the X-bracing members 
AE values were sized to satisfy the GJ requirement. For Concept 2, 
NASTRAN analysis was used. The NASTRAN analysis included elastic 
stability analysis and shear stiffness analyses of the individual 
panel, including the cutouts (reinforcing around cutouts). Further, 
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since the total Warren truss design included an offset between 
the longerons and diagonal braceB, a two-bay model of the 
structure was made. 

The data of Table 1.4-1, as determined by the above discussion , are shown on 
the structural drawings of the eight candidate concepts. Additional discrete 
analyses were performed Co support the concept development and mass properties 
data tabulated in Section 1.4.5. These analyses encompessed the housings, 
adapters, utilities support trays, and launch support cradles. 

1.4.2 Eight Candidate Building-Block Concepts 

1.4. 2.1 Concept 1 

The structure (Figure 1.4-5) is a pentahedral truss formed essentially from 
one-half of the General Dynamics tetrahedral truss, but with three differences: 

o The concept folds only in the axial direction, 
o A telescopic diagonal is provided across the base of the 
pyramid-shaped bay. , 

o Members of various cross-sections (e.g., f 1 or I) are used which 
nest one within another, thus permitting a higher packaging ratio. 



The folded truss is stowed in a rigid triangular housing from which it is 
deployed one bay at a time along a pair of guide rails by means of a recipro- 
cating mechanism. To enable the truss to develop root stiffness while deploy- 
ing, the rails must be a minimum length of two bays plus the stack length. The 
guide rails may be folded back alongside the housing for ease of stowing in the 
orbiter . 

Subsequent to full deployment, root stiffness is developed by attachment of the 
truss to the rear face of the housing. 

The adapter is a rigid assembly which attaches to, and moves with, the far end 
of the truss. It is the Interface for payloads or modules and contains raechan- 
ical/structural latches, electrical/fluid interfaces and an alignment system. 
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The electrical utilities are mounted in traye which are attached to the truae 
pyramidal members and pivot about the tray centerline (Figure 1.4-6). There 
is ample room for the full complement of utilities. The fluid lines are 
installed on the square face of the truss in a series of pivoting trays. 

The packaging ratio is 15 to 1. 



Figure 1.4-6. 
1.4. 2. 2 Concept 2 


Installation of Utility Trays 
(■Concept 1 ) 


This concept 13 a deployable Warren truss, as shown in Figure 1.4-7. The 
truss is supported in a housing during orbiter launch and is deployed from 
it along a pair of rails by a reciprocating mechanism. The length of the 
housing is dependent on the number and size of the bays to be packaged. For 
the truss to be under control during deployment, the minimum length of the 
vails is equivalent to the length of two bays plus stack length. This will 
usually provide fairly long rails which need to be folded for convenient 
packaging in the orbiter. During deployment, the root strength of the truss 
is developed by the truss attachments rolling in the deployment rails. 
Subsequent to full deployment, the truss root strength is developed by the 
attachment of the truss to the housing structure. The truss consists of 
folding longerons, telescoping diagonals and rigid sandwich panels that form 
the shear panels. Because the panels are rigid, there is a choice of design 
such as machined waffle or honeycomb panel. 

Each longeron is hinged at the middle, and the two half- longerons fold one 
inside the other. There is an offset between the axes of the diagonals and 
the longerons. 


The adapter is a square, rigid assembly which alao acts as the last shear 
panel in the truss. It is the interface for payloads and other modules and 
contains all of the elements necessary for alignment, berthing and utility 
interfacing. 

The design of the shear panels is particularly suitable for the installation 
of utilities in trays (Figure 1.4-8). The electrical power and the 
signal/data cables are in two separate trays, pivoting in slots cut in the 
shear panels. The fluid lines which use elbow fittings, to avoid small bend 
radii, are mounted in similar fashion in other slots in the shear panels. 

The packaging ratio is 21.6 to 1. 
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'igcre 1.4-7. Concept 2 



Figure 1.4-8. Installation of Utilities 
(Concept 2) 
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1.4. 2. 3 Concept 3 

Concept 3. the tetrahedral truaa, la the General Dynamics design used in its 
entirety (Figure 1.4-9) • It is a good, practical deaign of a deployable truss 
which has bet i demonstrated as a working model on many occasions. The truss 
is a double-f.,ld system which packages into a small volume. All of the 
members are round tubes which converge without offset at the Joints. Springs 
are used at the Joints to assict in the final deployment of struts and to lock 
them in position. 


ADAPT**' 

Figure 1.4-9. Concept 3 

The deployment mechanism is the same as in Concepts 1 and 2, i.e., a 
reciprocating mechanism with folded guide rails. 

During deployment the truss develops root strength through its interface with 
the guide rails. Subsequent to deployment, root strength is developed through 
the attachementa between the truss longerons and the main housing, or between 
the truss longerons and a subsidiary structure (Section 1,4.3. 3) which is 
deployed for that purpose. 

The adapter consists of folded plates attached to the truss. It is 
automatically erected as the first fold of the truss is deployed. The erected 
adapter contains the same type of alignment, berthing and interface devices as 
do the rigid adapters previously described for other concepts. 

The double folding of the truss causes some problems with the utilities 
installation (Figure 1.4-10 ). To install the full complement of utilities, 
the electrical cables are mounted on the exterior of the pyramidal members in 
a looped configuration. They will extend easily but must be retracted and 
re-looped manually. The fluid lines are mounted on the lateral members in a 
series of folds* 
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The packaging ratio is 20 to 1 (alorur the length). 
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figure 1.4-10. Installation of Utilities 

(Concept 3) 


1.4. 2.4 Concept 4 

This concept (Pigure 1.4-11) is a triangular truss which daploys/ret racta 
axially ’ out changing its end profile. Each bay consists of a rigid 
triangu, . rame, three folding longerons, and three telescopic diagonals. 
r os ur.'ie longerons folded into the stowed configuration are shown in 
Figux. 1.4-12. It is recognized that there will have to be a support in the 
middle cf the triangular frame to brace the longerons during launch. All of 
the truce members are round tubes which converge at the corner fittings 
without offset. The folding of the longerons toward the middle instead of in 
line with the batten tubes and diagonals is necessary to achieve a high 
packaging ratio. 


The main housing is a conventional rigid framework which contains the folded 
truss and deployment mechanism, and carries the loads from the truss into the 
rest of the deployable platform. The selected deployment mechanism is a 
reciprocating device which deploys and rigidizes the truss one bay at a time. 
Initially, torsion springs were used but were replaced by a reciprocating 
mechanism for better packaging. During truss deployment, root strength is 
developed by guide rails which are stowed alongside the housing when not in 
use. 


Because the truss does not change its triangular end profile dimensions while 
deploying, there is a ohoice of using either two or three guide rails, i.e. 
with two-guide raila a rail length equal to 2 bays plus the stack length is 
required; with three guide raila a rail length equal to 1 bay plus the stack 
length is required. 
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Figure 1.4-11. Concept 4 



FOLDED 

LONGERONS 


Figure 1.4-12. End View of 
Folded Configuration 


The adapter is a rigid triangular assembly which can be identical to that 
described for Concept Mo. 1. 

Utilities cannot be mounted in trays because the longerons are folded into the 
center. Therefore, they are mounted directly onto the batten frames in a 
eerles of folds (Figure 1.4-13). For the full complement of utilities they 
are installed on both the inside and outside of the battens. 

Vith the use of the reciprocating deployment system, a packaging ratio of 20.2 
to 1 was achieved. 
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Figure 1.4-13. Utilities Installation 
(Concept 4) 


1.4. 2. 5 Concepta 5 and 7 

Concepts 5 and 7 are the same except that Concept 5 la a tension X-braced 
structure, whila Concept 7 uses compression diagonals for shear and torsion 
capability. Concept 5 ’fill be described (Figure 1.4-14). 

Concept 5 is a triangular section truss which deploys along two axes. First, 
the triangular section expands to approximately 110 % of its original size! 
then, the truss deploys along its longitudinal axis. A high ratio of deployed 
length/stowed length is achieved by all of the cross-bracing and longerons 
nesting inside the batten frames when stowed. 


•CONCEPT 5 CROSS BRACED WITH TENSION STRAPS AS SHOWN 
•CONCEPT 7 BRACED WITH COMPRESSION DIAGONAL 

• TRIANGULAR BATTEN FRAME 

• EXPANDS 70% 

• H SECTION MEMBERS 

• CLD LONGERON SECTION 

• LONGERONS & DIAGONALS 
NEST IN THE BATTENS 

• NO OFFSET LOADS AT JOINTS 


MAIN HOUSING 



ADAPTER 


JOINT DETAIL 


Figure J .4-14. Concepts 5 and 7 
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The expanding triangular batten frame ia of H-aection construction. The 
longerons are a channel c roaa-aection with a hinge and a latch at the mid 
length. The croaa-bracao are rectangular oection tension straps, constructed 
of a g raphite/ rubber composite or similar material which has a low CTE and ia 
flexible enough to benave aa a strap instead of a rigid bar- The c rose-braces 
are pretensioned by deploying the truas bays. The longerons serve as natural 
over-center tensioning devices to apply load to the crosa-breoea which are 
accurately fabricated to a predetermined ’ength. 

The expanding triangular truss . s stowed in an expanding triangular housing. 

As the housing expands it pulls the truss with it. The housing which is made 
in three sections is axpanded/contracted by a number of powered screw jacks. 
The expanding force from the housing to the truss ia via the guide rails 
attached to the housing and the guide wheels which are attached to the truss 
battens. As in Concept 4 the number of guide rails can be either two or 
three. The longitudinal deployment mechanism is e "standard" reciprocating 
system using the guide rails. 

Concept 7 is shown in Figure 1.4-15. Because of the double fold nature of the 
truas, the compression diagonal has two folding joints in addition to a 
telescoping Joint which ia considered to be a significant disadvantage. 



Figure 1.4-15. Concep 
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The full complement of utilities can be integrated into Concepts 5 and 7. The 
electrical cables are installed inside the truss triangle in tnys which are 
pivoted at their ends from clevises mounted on the battens (Figure 1.4-16). 

The fluid lines are outside the truss triangle on shallow trays which are 
pivoted at their end from the battens. 

A packaging ratio of 27.5 to 1 was achieved. 

1.4.2. 6 Concept 6 

Concept 6 (Figure ""^-l?) is a linearly deployable truss with a square 
cross-section consisting of rigid batten frames joined to each other by 
folding longerons and telescoping diagonals pin-connected at corner fittings 
integral with the frames. 

The longerons (Figure 1.4-18) fold toward the middle of the truss at a 
45-degree angle, have self-aligning spherical tall end fittings, and 
hinge/lock fittings in the center of the longeron length. The telescoping 
diagonals have a lock mechanism and self-aligning end fittings. 

X-braced tension cables can be provided for all the interior batten frames for 
redundancy. 

All of the truss members (round tubes for the longerons, battens, and 
diagonals, and rectangular straps for the lateral bracing) are loaded along 
their centroids and converge without offsets at the bat.ten frame corner 
..fittings. 

The stowed truss is contained in a square rigid housing to which the guide 
rails and deployment mechanism are attached. The number of guide rails may be 
2, 5, or 4. For 2 guide rails, the rail length is equal to 2 bays plus the 
stack length. For 3 or 4 guide rails, the rail length is equal to 1 bay plus 
the stack length. 

The folding guide rails and the reciprocating deployment mechanism are the 
same as in the concepts described previously. Initially, torsion springs were 
considered. The method of deployment is "one bay at a time," with root 
stiffness developed by the guide rails during deployment. The longerons 
attachment to the rear of the main housing provides the load capability 
subsequent to deployment. 

The adapter is a square rigid assembly at the far end of the truss. It 
contains all of the electromechanical latches, alignment features and 
connections required for a payload/module interface. 

The full complement of utilities is attached to the batten frames in figure-8 
lt'.'*pa (Figure 1.4-19). Both the inside and the outside of the batten frames 
can be used (Figure 1,4-18). 

With the use of the reciprocating mechanism, a packaging ratio of 20.4 to 1 
was achieved. 
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FOR CLARITY, ONLY TWO LINES ARE SHOWN 

Figure 1.4-19. Utilities Installation 
(Concept 6) 
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1.4. 2. 7 Concept 8 

Concept 8 (Figure 1.4-20) conaiete of square rigid batten frames connected 
together by folding longerons and telescoping diagonals. The batten frames 
are H-aection, cross-braced by thin tension straps (as required in the 
interior bays for redundancy). Bach longeron consists of two rectangular 
section members with locking hinges at their centers. The diagonals are 
rectangular sections which telescope within each other. The diagonals and 
longerons stow within the confines of the K-aection battens. In the deployed 
configuration all the members oonverge at a common point. 

The housing, rails, deployment system and end adapter are the same as in the 

square truss of Concept 6. 

Concept 8 has the advantage of utility trays which can extend the whole width 
of the interior of the batten frames if desired, permitting a large separation 
between power and data lines plus the advantage of growth in the number of 
lines (Figure 1.4-21). 

A packaging ratio of 22 to 1 was achieved. 
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Figure 1.4-20. Concept 8 



Figure 1.4-21. Utilities Installation 
(Concept 8) 
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1.4.3 Orbiter Packaging 

This nectlon describes the studies and results applicable to the packaging of 
the generic platform (Section 1.2), constructed from the eight candidate 
building blocks, into the orbiter. The packaging is based upon the packaging 
efficiencies shown in the preceding section. 

1.4. 3*1 Concepts 144 

Concepts 1 and 4 are axially folding trusses of triangular c rosa-sectl >u. 
Because of its better packaging ratio. Concept 4 uses leoe spa- e (7.5 M) it: 
the Payload Bay than does Concept 1 (9*0 M), Figure 1.4-22. Ap u rt f^om this, 
the two concepts are identical in packaging and deployment. The figursa and 
description apply only to the generic platform, although many other 
configurations can be built/deployad by following the approach outlined it 
this report. 



r 13.562M— ■ 

- 


PAYLOAD T 


i .. . '■-—to 

OMS 

KIT 


| BAY n 


? f 

-- J 


\ f-9M, CONCEPT I J 

\ 7.5M CONCEPT 4 


'DOCKING MODULE 

figure 1.4-22. Orbiter Packaging 
— Concepts 1 and 4 


The platform system deployment is 100% automatic without resort to EVA, RMS 
assembly or to building fixtures. All of the necessary modules, orbiter 
supports and cradles are incorporated in the design. 

There are eight triangular building blocks and two cradles. The cradles are 
atructures which interface with the orbiter trunnion and keel fittings, join 
some of the building blocks together at their hinge points, and provide 
mounting surfaces for the spacecraft systems. 

Each of the building blocks ia a single truss design, i.e., only one truss is 
deployed from each housing. 

The platform is assembled and checked out on the ground before it is folded 
and placed in the orbiter. All of the utility connections from end to end of 
the platform are made on the ground and are not broken during stowage or 
deployment. 
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The stowed platform ia removed from the orbiter by using the HUS, and ramaine 
in the grasp of the RMS and/or is attached to the HAPA during the initial 
stages of deployment. If continuous operation and a low deployment rate of 
?/cm per second are assumed, the platform could be deployed in about 72 
minutes. Some trusses deploy simultaneously. There are three basic 
operations involved in deploying the platforms, i.e., reorienting the building 
blocks, extending the trusses, and latching. 

One sequence of operations to deploy the platform is shown in Figure 1.4-27. 
Several other sequences arc possible in achieving the same configuration. The 
solar array is not shown as an integrated deployable item in this design, 
although it is quite possible that it could be incorporated. Items such as 
large payloads, modules, etc., are added to the deployed platform by the RMS, 
using the interfaces provided. 




Figure 1.4-23. Platform Deployment — Concepts 1 and 4 


1.4. 7.2 Concepts 2, 6 and B 

This section discusses the packaging and deployment sequence for axially 
deploying building blocks, of square cross-section of which Concepts 2, 6, and 
8 are typical examples. The three concepts are identical in packaging and 
deployment with the exception of the slight difference of their lengths in the 
payload bay (Figure 1.4-24.). 
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Figure 1.4-24. Orbiter Packaging 
— Concepts 2, 6, and 8 

There are five building blocks and two modules in the assembly 
(Pigure/l.4-25) . Of the five building blocks two are "ainglea", i.e., one 
truss from a main housing, and three are "doubles”, i.e., two trusses, one 
from each end of a main housing. 

o Module 1 mounts three of the building blocks and iB a cradle which 
supports them in the orbiter. It forms part of the deployed 
platform and is used to mount spacecraft systems and equipment, 
o Module 2 mounts the remaining two building blocks and is the cradle 
which supports them in the orbiter. It too is deployed with the 
rest of the platfonn and is used to mount spacecraft systems. 

The complete package is removed as a unit from the payload bay using the RMS 
and is retained on the RMS (or mounted onto the HAPA) for the initial stages 
of deployment. The stages of the deployment sequence are: 

o Reorient four of the building blocks by rotating them until all five 
building blocks are in the same plane, 
o Extend the trusses as shown to form the vertical of the T shape of 
the platform- 

o Rotate the building blocks which form the diagonals and extend the 
trusses to complete the T shape of the platform. 

The platform ia automatically deloyable without the assistance of EVA, 
building/asaembly fixtures or piece-by-piece assembly using the RMS. There is 
no requirement to make electrical or fluid connections in flight except where 
separate units such as payloads are added subsequent to deployment by the RMS. 

1.4. 3. 3 Concept 3 

Although this concept was successfully packaged (Figure 1.4-26) and deployed, 
this study does point up the difficulties with the use of a double-fold 
structure. The advantages gained from the dense volumetric packaging of the 
structure are largely illusory when one turns from a simple truss to a 
complete deployable platform system. Some of the problems which contribute 
are: 
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Figure 1.4-25. Platform Deployment — Concepts 2,6, and 8 



OMS 


Figure 1.4-26. Orblter Packaging 
— Concept 3 
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o The stowed double-fold trusB Is difficult to support in the 
orbiter with provision of stiffness compatible with frequency 
separation (10 Hz) from the orbiter. 
o The methods of Joining truss to truss, or truss to module, 
are more complex. it is sometimes necessary to erect a sub- 
sidiary structure for structural continuity, 
o The end adapter cannot be a simple plate to support latches, 
interfaces, etc. 

o Mounting of the adopted complement of utilities is difficult 
because of limited space. 


In spite of these difficulties, the generic platform can be built using 
Concept 3. It is an automatic deployable platform which requires no EVA, no 
building/asserably fixture and no part-by-part erection. The electric/fluid 
utilities are installed and checked out on the ground from end to end of the 
platform. There are no connections broken/reconnected between stowage into 
the orbiter and final deployment. 


The platform consists of five building blocks and one module. Of the five 
building blocks, three are "double building blocks," i.e., a truss deploys out 
of each end of the housing. The module is an integral part of the platform, 
is deployed along with the building blocks, is intended to mount spacecraft 
systems, join three of the truss together, and serves as a base for deploying 
subsidiary structure for reacting truss loadB. 


The packaged platform (Figure 1.4-27) is removed ftc.m the orbiter by means of 
the RMS. While it is in the grasp of Che RMS (or HAPA) the initial stages of 
platform deployment are made. There are several stages in the deployment 
sequence . 


ORBTTER fAYlOAO BAY 


USE RMS TO 
REMOVE STOWED 
PLATFORM FROM 
ORBITER 

•reorkntthe 

BUILDING BLOCKS 



•ROTATE the 
OUTER TWO 
BUILDING BLOCKS 


• UNFOLD TRUSSES & 
SUBSIDIARY STRUCTURE 

• EXTEND TRUSSES IN 
DIRECTIONS SHOWN 


Figure 1.4-27. Platform Deployment — Concept 3 
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o Unfold the building blocks. 

o Deploy the subsidiary structure on the module. This includes a 

docking port end atteoh points for reacting truss loads, 
o Erect the first fold of the trusses, 
o Exterd the trusses part vay. 

o Make the Joints at the module attach points, 
o Extend the trusses completely. 

This oompletos the deployment of the platform. Payloads/ solar array/RCS pods 
may be added, as required, by a second launch or by using the empty portions 
of the payload bay of the first launch. 

1.4. 5. 4 Concepts 5 and 7 

Concepts 5 and 7 are stowed in the orbiter (Figure 1.4-28) and deploy to the 
final configuration in identical fashion. The stowage and deployment shown 
are for the generic platform only. It is a completely automatic deployable 
system which requires r EVA and no assembly or erection by RMS. The 
deployable platform inc des six buiding blocks and two modules. 



MODULE 


Figure 1.4-28. Orbitei Packaging 
— Concepts 5 and 7 


o Module 1 mounts three of the building blocks and is a cradle which 
supports the whole of the stowed platform in the orbiter. It forms 
part of the deployed platform and is used to contain spacecraft 

systems. 

o Module 2 mounts the remaining three building blocks. It does not 
interface directly with the orbiter, but is attached to Module 1. 

It too forms part of the deployed platform and is used to mount 
spacecraft systems. 

The complete package is removed from the orbiter in its stowed form by using 
the RMS. While it is in the grasp of RMS (or HAPA) automatic deployment is 
initiated. There is no requirem*''t for a building/aesemhly fixture to hold 
the platform while the RMS attache. trusses or modules section by section. As 
in all of the Rockwell platform devloyment concepts, the utilities are 
installed and checked out on the gound and not disturbed thereafter. 
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Because of the high packaging efficiency, it \s possible to stow some of the 
building blocks with their lengths normal to the major axis of the payload 
bay, i.e. , stow them "across" the ship instead of lengthwise* This permits 
arrangements auoh that the building-blocks do not have to be reoriented to 
achieve the deployed configuration* 


There are only two stages in the deployment sequence (Figure 1*4-29), i.e* , 
expand the triangle shapes of the building blocks and extend the trusses. 

Of all the concepts which were studied. Concepts 5 and 7 proved to be the most 
suitable for packaging and deploying the Generic Platform* They stowed in the 
shortest length of the payload bay and required the least reorientation of the 
building blocks* 
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Figure 1.4-29. Platform Deployment-Concepts 5 and 7 
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1.4.4 Thermal Analysis 

A thermal analysis provided a prediction of the thermal gradients across the 
candidate deployable trusses (Table 1.4-2). The temperatures shown are the 
average over the length of each member. These gradients wore determined for 
th</ structural arrangement/geometry shown in Figure 1.4-70 and for GEO 
applications. LEO applications have lower gradients due to earth and albedo 
Iw-a.ing. 


Table 1.4-2. Thermal Gradients between Longerons 


1 — 

d 

DIAGONAL 

PRESENT 

LONGERON 

TEMPERATURE (°C) 

AT 

FIGURE OF 
MERIT 
d/ (AT) 

CONCEPT 

M 

SUN SIDE 

SHADE SIDE 

a 1 

(°c) 

1 

1.6 

YES 

21.6 

-13.5 

35. 1 

0.046 

2 

1.3 

YES 

NO 

20.7 

24.0 

-11.6 

4.8 

32.3 

19.2 

0.040 

0.067 

3 

3.0 

NO 

24.0 

2.7 

21.3 

0.140 

4 

1.7 

YES 

21.7 

-7.4 

29.1 

0.058 

5 

2.5 

YES 

(TS)* 

23.8 

-36.0 

59.8 

( 

0.041 

6 

1.3 

YES 

22.5 

-22.6 

45. 1 

0.029 

7 

2.5 

YES 

23.6 

-56.7 

80.3 

0.031 

8 

1.3 

YES 

22.5 

-17-5 

40.0 

0.031 

*(TS) - TENSION 

STRAP 






The thermal gradients are due to shadowing when one or more structural members 
pass between another member and the sun during orbit. 

Por analysis, each configuration can be represented as a Z-section (Figure 
1.4-71) or as two parallel members if a diagonal is not present in the plane. 

A thermal math model of the Z-aection is used for the analysis. It consists 
of 24 nodes and provides for conduction between nodes. The conotruction 
material is graphite composite. The surface radiation properties were assumed 
to be nearly black. Emmittance and absorptivity values of 0.85 were used* 

The thermal model for the two parallel member cases is a single node heat 
balance. 

Two important assumptions in the analysis are the estimate of the shadow time 
and the view factor for solar impingement during shadow. The shadow time t g 
(minutes) is estimated by the following expression. For two parallel members, 

t a * 8(0.2566 * sin”- 1 - D/S) 

where D * member diameter 

S - distance between members 
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Figure 1.4-31. Thermal Analysis 
Confi guration 
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This expression accounts for the size of the shadowing member, the distance 
between members, and the included angle of the sun. For the Z-section, a 
modified form of this expression was used. The distance between members was 
allowed to vary with nodal position. 

The view factor for solar impingement of the shadowed member was approximated 
by the following cosine function, 

F * cos ^ ( 180 t/ t a ) 

This function has a value of unity at the extremes and a value of zero at the 
center of the time interval. 

Table 1.4-2 also illustrates the parameters to evaluate the re. itive merit of 
each concept for thermal stability. The end rotation of a beam 9 i3 
determined by 


0 - a( &T ) l 

d 

For beams cf equal length and the same material, then P is proportional to 
(AT/d) or the figure of merit is proportional to (d/AT) with high values 
being best. The foregoing data were based upon the structural design sizes as 
determined by the strength/stif fneas characteristics, pacKaging, minimum 
weight, and joint design considerations. The design was not adjusted for 
reduction of the thermal gradients. For example, for Concept 6 the thermal 
gradient can be reduced by reduction of the diagonal diameter (reduced shadow) 
with a small weight impact (of no consequence to LEO platforms). Also, since 
the data are based upon ot/ e ■ 1.0 with e and a a 0.85, if reduction of 
the thermal gradients is required, initial values of a • 0.10 can be 
realized by wrapping the graphite composite structure with silver teflon 
tape. Though a will increase over the life of the structure, particularly 
in the GEO environment, the end of life value will be less than 0.85. 

A perspective on these thermal gradients is appropriate. For a 40-meter 
cantilever using concept 6, the end will have a thermal induced rotation of 
0.028* (a - 0.76 x 10“6 m/mC) due to the specified gradient of 45*C across 
a design with a 1.26 m depth. (The 40 m length is used since precision 
antennas would be mounted closest to the center of the configuration) . 

Section 1.1-10 indicates the desired pointing accuracies should be 0.05 to 
0.10 degree (based on statistical analyses). If necessary, a value of 0.28° 
can be reduced by many of the techniques delineated above. In addition, 
placement of the square cross-section as shown in Figure 1.4-72 can reduce the 
0.028* rotation to approximately 0.020*. If necessary, larger trusses 
(Figure 6) can further reduce the end rotation. The use of composites with 
negative coefficients of expansion and metal fittings can also reduce these 
rotations. 

In the light of the foregoing, it is also appropriate to note that a 22.2 N 
shear on the end of a 40 m cantiliver will induce an end rotation of 0.005* 
for the adopted flexural stiffness, or for 4.45 N induce an end rotation of 
0.001*. Hence, RCS induced distortions are small by comparison. 
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Figure 1.4-3 " . Approach to Reduce 
Thermal- Induced Truss Rotation 


1.4.5 Mass Properties Analysis 

The results of the deployable platform systems mass propertiea analysis of the 
generic platform contracted from Concepts 1 through 7 are shown in 1'able 
1.4-3. These masses are determined by a combination of detailed calculations 
where specific structure sizing was available (deployable trusses, for 
example), and standard preliminary design mass estimation techniques 
(housings, for example). The generic platform mass is based upon the adopted 
strength, stiffness, and complement of utilities delineated in Section 1.1. 

Table 1.4-4 illustrates the major differences in the masses for Concepts 1 
through 8, The data for Concept 8 are estimated from the data provided for 
Concept 6 in Table 1.4-3. The data shown are used in the orbit transfer cost 
data described in Section 4. The data in Table 1*4-4 were also used as a 
basepoint for extrapolation of the weight differences for a generic platform 
designed to l/lO the adopted strength/stiffnesa requirement (Table 4.3-5). 

A review of Table 1.4-3 illustrates all of the candidate deployable platform 
systems, including a 20 % growth allowance, are launchable to a 210 nmi orbit 
28.5* inclination (Figure 1.4-33) without use of an QMS kit. The balance of 
mass between the values shown and an allowable 20,000 kg is available for 
payloads, RCS propulsion modules, etc. An addditional 2500 kg is launchable 
if an OMS kit is provided. The 210 Nmi orbit is considered suitable, since 
for the generic platform, decay to 150 nautical miles would not occur until 60 
days after insertion into orbit. This is considered ample time for 
deployment, Installation of payloads, checkout, etc. 

1.4.6 Coat Analysis 

Consideration was devoted, in support of the Concepts Selection Trade, to the 
establishment of the relative costs associated with the design, development, 
testing, special technology needs, fabrication, shuttle launch, and orbit 
transfer of GEO platforms. The design, development, and testing costs were 
not included since they are dependent on the number, types of application and 
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Table 1.4-3. Candidate Concepts Generic Platform Mass Summary 


KAiS (KG) 


1TEK 

CONCEPT 1 

CONCEPT 2 

1. BASIC TRUSS STRUCTURE 

1,926 

3,193 

2. BASIC TRUSS JOIHTS 

1.325 

890 

3. UTILITIES INSTALLATION EQUIPMENT 

813 

202 

6. UTILITIES 

2,556 

2.569 

5. HOUSINGS 

675 

560 

6. ADAPTERS 

52 

65 

7. MECHANISMS 

676 

377 

8. H0USING-T0-HOUSIHG ATTACH. MECH. 

127 

156 

9. SEPARATE DEPLOYABLE STRUCTURES 

- 

- 

10. DOCKING PORTS 

609 

609 

11. CONTROL MODULE EQUIPMENT 

2,006 

2.006 

12. MISCELLANEOUS 

23 

91 

SUBTOTAL 

10,382 

10.696 

13. ORBITER INTEGRATION WEIGHT 

2.260 

2,567 

SUBTOTAL 

12,622 

13.063 

16. GROWTH (20t) 

2,525 

2,608 

TOTAL 

15.167 

15.651 


CONCEPT 3 


1.966 
965 
MB 
2. 566 
356 
95 
803 
178 
68 
609 
2.006 
91 


9.575 


3.660 


13,015 


2,606 


15.619 


CONCEPT 6 


1,802 

1,652 

283 

2,559 

599 

60 


609 

2,006 

23 


10,091 


2,156 


12,265 


2,665 


16,669 


CONCEFT 5 


1,616 

623 

769 

2.557 

597 

89 

569 

98 

102 

609 

2,006 

29 


9,622 


1.130 


10,552 


2.110 


12.662 


CONCEPT 6 I CONCEPT 7 


1.810 

2,192 

1.890 

1,266 

199 

769 

2,556 

2,557 

559 

597 

73 

89 

789 

568 

156 

98 

- 

102 

609 

609 

2,006 

2.006 

91 

29 

10,536 

10,638 

2,776 

1,130 

13,308 

11.768 

2,662 

2,353 

15.970 

16.121 
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• DATA SHOWN FOR 20 .5 OEG INCLINATION ONLY 


, INTEGRAL 
OMS 


SHAOEO AREAS REPRESENT PPIMARY REGIONS AFFECTED 
BY PROGRAM VARIABLES. PAYLOADS REQUIRING PERFORMANCE 
IN THESE REGIONS SHOULD VERIFY CAPABILITY WITH 
JSC AS EARLY AS POSSIBLE 


.FIRST OMS 
KIT AODED 



SECONO OMS 
KIT AODED 


THIRD OMS KIT 
ADDED 


100 


200 


300 400 500 600 

CIRCULAR ORBIT ALTITUDE. N Ml 


700 


900 



LANDING CAPABILITY 
- 22,500 KG 


Figure 1.4-33. Orbiter Payload Ma^.^ — Launch /Landing Constraints 
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Table 1.4-4. Comparative Maas ( kg x 10~ 3 ) — Generic Platform 


ITEM 

CONG 

EEI 1 

1 

2 

3 

9 

5 

6 


8 

BASIC TRUSS ELEMENTS 

1.9 

3.2 

2.0 

1,8 

1.6 

1.8 

2.2 

1.8 

ALL JOINTS 

1.5 

0.9 

1.0 

1.6 

KB 

L±i_, 

1.3 

1.9 

UTILITIES INSTALLATION 
SYSTEM 

1.8 

0.2 



n 

0.3 

D 

0.2 

0.7 

0.7 

HOUSING AND ADAPTERS, 
H0US1NG-T0- HOUSING ATTACH. 

0.9 

n 

0.6 

0*8 

. 

0.8 

D 

0,8 

n 

DEPLOY ABIE STRUCTURES FOR 
DOCKING PORTS 

- 

- 

0.1 


0.1 


0.1 

- 

TOTAL 

11 

5.2 

3.8 

4.S 

3.8 

Hi 

ji-i J 


AMASS 

1.1 

1.9 

0.0 

in 

0.0 

1.0 

ra 

ail 


AU WSIUU, IHClUOtHC OCFLOTMCMT KCHAHIWS. IfMlimi IIM1, OOC*l»IC fO*TJ. CONTROL WU 
EQUiAntKj. MID CRAOLl MIISKT (yiTM jot GROWTH) -UM THAN 14,600 M. 


requirements of future platforms which are not defined. The special 
technology development costa (as subsequently shown in Section 3) are 
primarily the same across all the candidate concepts, with the few exceptions 
resulting in negligible cost impacts (particularly if spread across 
several platforms). 

The analysis, therefore, determined the recurring fabrication cost. Shuttle 
launch and for GEO platforms, the cost of orbit transfer. All the cost 
analysis data are expressed in terms of FY 1981 dollars and are relative, 
i.e., applicable only to items which are different. The costs c f items that 
are the same across all concepts are not included. For example, the coat of 
the basic power, data and fluid utilities themselves, docking ports, etc., i3 
not Included. 

1.4. 6.1 Fabrication Cost Data 

The component fabrication costs to construct the generic platform are shown in 
Table 1.4-5. These data are incorporated directly into Table 4-4-1. These 
data were derived by a combination of material and fixture costa (as 
appropriate) and manufacturing hours to which a composite cost rate was 
applied. The composite cost rate includes direct labor, overhead, and general 
and administrative (GftA) . 

The materials, fixture, and manufacturing hours data presented were determined 
from estimates by advanced manufacturing personnel using drawing details. 

Where detailed information was not available, in-house Rockwell parametric 
cost model techniques were used. 
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Table 1.4-5. Fabrication Cost Data ($ Million) 


1 COST t TEN 

CONCEPT ] 

L_J 

3 

3 

4 

a 


7 



S.O 

1.0 

1.7 


1.9 

3.3 

Tims J0I«T* 
AHO rtTTINCS 


1 ' 7 

B 

3.1 

B 

3.0 

— 

TAMS ASSEMtlT AND 
CM CAW 

wm 

m 

H 

0.5 

B 

0.6 

B 

UTILITIES SUPPORT 
SYSTEM ( F AAR 1 CAT ION 
AMO INSTALLATION) 

0.4 

n 

0. 1 

0, 1 

9 

0. 1 

■ 

installation OP 
utilities AMO 

CM CROUT 

0. 1 

0.1 

0. 1 

0.1 

0.1 

0. 1 

0. 1 

tND MWTm AMD 
HAtM HOrtlftOS 

n 

0.3 

0.3 

m 

0.4 

1 

m 

•UILOIMG (LOCK TO 
fUllDIIK (LOCK 
ATTACH MECHANISMS 

9 

2.9 

g 

2.2 

1.7 


M 

TOTAL ISM) 

8.0 

10.8 

6.8 

7.0 

6.5 

8.6 

Si 

8 <SM) 

1.5 

4.3 

0.3 

0.5 

0 

__L2 

1.3 


NOTE: CONCEPT 8 ESTIMATED FA<W EXSTING DATA FOR CONCEPT 6 


It is pertinent to note that Table 1.4-5 does not include the coats of 
deployment mechanisms since the building blocks can utilize either a 
reciprocating device (GD design or equivalent) or a stored strain energy 
system. The differences between the same type mechanism across the single 
folded designs were regarded as negligible. In retrospect, the additional 
coat of the mechanisms for the double folding of Concepts 3, 5, and 7 should 
be included into the last cost item in the table. To do so would only enhance 
the conclusions and decisions made in Section 4. and require extensive 
numerical change throughout the tables for the sake of consistency. Hence, 
this item is not included. 

1.4. 6. 2 Shuttle Launch Cost 

The Shuttle launch cost data for use in Table 4.4-1 are based upon a cost of 
$2.6M/meter of Shuttle cargo bay length. It is derived from an FY 1982 total 
cost of $48M for 18.3 m of bay length. The $48M is the FY 1981 cost 
extrapolated from the baseline FY 1975 launch cost of $32M and is for a medium 
traffic model (40 launches per year). A significant reservation on the use of 
this total value is that for a dedicated mission the system cost is incurred 
regardless of the usage of the bay. This reservation is reflected in the 
allocation of points in the totaling of the major criteria. 
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1.4. 6. 3 GEO Orbit Transfer Coat 


The Rockwall apaoa station atudiaa have identified a cost (in FY 1981 dollars) 
of $8 ,800 per kg of mass delivered to GEO orbit including the launch to LEO by 
the shuttle. This coat is also based on a medium mission model. 

1.4.7 Miscellaneous Design Issues 

During the concept development discussed throughout this section , three 
design concerns surfaced as follows: 

o Extension of a truss which has a large payload while maintaining the 
deployable truss root strength with the guide rails 

o Implication of building block to building-block structural 
attachments that are not fully fixed about all three axes 

o Potential significance of "joint slop" 

The first issue has been resolved as discussed in Section 1.3. 3. 5. The second 
issue has been investigated and resolved as follows: 

A configuration such as the generic or ASASP platform can have Joints without 
full structural continuity at places, such as Joints 1 and 2 of Figure 1.4-34, 
with acceptable reductions in effective stiffness. 

A sensitivity analysis of platform overall stiffness variations associated 
with different end Joint design characteristics was performed. The analysis 
was performed with a NASTRAU model that simulates the ASASP platform 
configuration and mass distribution. The construction platform was not 
included. The ASASP was used since the mass distribution was more readily 
available and the generic platform was fashioned after the ASASP. The adopted 
stiffness values were used. 

Since the overall variation in platform stiffness is most easily defined by 
the resulting modal frequencies, modal analyses are performed for the expected 
diagonal member end Joint variations. At all other Joints, flexural and 
torsional moment continuity is maintained. 

The table on Figure 1.4-34 illustrates the first four modal frequency 
variations relative to that of the baseline design. For all of the four cases 
shown, the stiffness reductions were acceptable. 

For other possible configurations: 

o Moment and torsion capability of cantilevered members can be 
provided by fixed Joints or appropriate self-locking latches 
(Figure 6) 

o In worst case, EVA attachment of strut or pair of struts is 
feasible, if necessary. 
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MODEL) 

• JOINT I 4 2 LENGTHS 
AM EACH 2.5m 

• El 4 GJ AM 
ADOFTID VALUES 


CASE 

FREQUENCY (Hi) 

COMMENTS 
FOR JOINTS 1 4 2 

FIRST 

SECONO 

THIRD 

FOURTH 

IASE- 

UNt 

0.001 

0.0703 

0.0423 

0.1141 

FUUY FIXED 

1 

0.0341 

0.0654 

0.0646 

0.112* 

Z-AXIS FINS 

2 

0.035* 

0.0651 

0.0643 

0.1120 

Z-AXIS FINS AND 
1/10 OF El, OJ. AE 

3* 

0.0341 

0.0654 

0.0646 

0.1152 

Z-AXIS FINS WITH 
OFFSET FROM DIAG- 
ONAL CENTERLINE 

4 

0.0331 

0.0624 

0.0600 
- 

0.1045 

BALL JOINTS 



•OFFSET - 1.5 m 


Figure 1.4-34. ASASP Modal Frequency Variation 
with Diagonal End Joint Design 


The third design concern has not been resolved in this study and is applicable 
to the concepts studied which all utilize clevis joints, folding and/or 
telescoping joints. 

Consider the following illustrative example (Refer to Pigure 1.4-35): 
o Consider a cantiliver member 60 m long (38 bays) 
o Suppose ACS thruster shear ■ 4*5 H 

o Limit longeron load “ 2.8 N (one bay from RCS thruster) 

o Limit longeron load * 107 N (38 bays from RCS thruster) 

o For the adopted El - 2 x 10 8 Nm 2 , and truss depth of 1.26 m the 
longeron AE * 1.26 x 10 8 N 

o Elongation of longeron for load of 2.8 N * 0.0000035 cm 

o Elongation of longeron for load of 107 N ■ 0.00013 cm 

o For a design to twice the depth (same El), the above values of 
0.0000035 and .00013 cm are multiplied by 4, i.e., elongation is 
0.000014 and 0.00052 cm 
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Figure 1,4-35. Model for "Implication of 
Joint Slop" Analysis 


o For both depths, the elongations are very small compared to 
conventional clevis/pin clearances 

o Problem is increasingly more severe with reduced RCS thrust 

Hence, for future resolution: (l) To what extent does friction preclude 
"joint slop?" and (2) Vhat is statistical implication of Joint slop in actual 
design with numerous Joints? 

The potential implications of "Joint slop" to the control system design are: 

o It will be of increasing concern in figure control applications 
where "Joint slop" alone results in structural deflections 
approaching total allowable deflection 

o "Joint slop" is highly non-linear phenomenon with strong potential 
for destabilization and limit cycling 

o It will be of increasing concern if "equivalent frequency" (f Q ) 
(Figure 1.4-36) approaches control system bandwidth 

The resulting potential control system design implications are: 

o Develop accurate "joint slop" model to facilitate controller design 

o Typical controller enhancement - nonlinear gain scheduling, 
compensation and limiters to enhance performance 
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Figure 1.4-36. Equivalent Structure 
Freguency due to "Joint Slop" 


The primary problem is that joint slop introduces a series of distributed non- 
linearities in the spacecraft dynamics. In general, this will degrade control 
system performance. It is destabilizing and a potential cause of limit cycling. 
Special control enhancements can be used to minimize the detrimental effects of 
Joint slop, as Indicated above. In general, the problem is tractable if the 
magnitude of the joint slop can be eliminated or made small relative to the 
control system pointing accuracy requirement. Also, the control problems are 
eased with increasing friction levels at the Joints. 

The preferred solution is to eliminate or negate joint slop by mechanical means 
(eccentric clevis pin or bolt with an expanding sleeve) or with thermosetting 
materials at the joints (one bay at a time deployment enhances this possibility). 
Another alternative is to increase joint friction providing it is not detrimental 
to deployment. 
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2. MATERIAL DATA BASE 


The material requirements for the manufacture of etruotural membere for large 
deployable platforms Include those needed to produce tenaion/oompreaaion 
members, tension members only, fittings, hinges, bearings and springs. The 
materials selected for the data base to satisfy these requirements are those 
currently available in present technology and those which could be available 
in the technology for point design by 1986. This philosophy pemita the 
consideration of not only metals and organic composites, but metal matrix 
composite materials^ 

This material data base is not Intended to permit the detailed optimization 
needed for the ultimate point designs to be made by 1986. It is intended to 

supply s sufficiency of general information to allow the material trades 

required for the generation of preliminary designs. These trades will specify 
the direction of the ultimate designs for deployable space structures. 

All materials selected are suitable for the temperature fluctuations 
(-200 to 80C) that will be encountered in service in either a low earth or 
geosynchronous orbit. These temperature excursions can be reduced by the 
Judicious applies '.‘on of thermal control coatings and inaulations. 

Temparature reai3tu..3e of the materials la, therefore, not a critical 
consideration. The radiation resistance of the material is important only in 
the caae of geosynchronous orbit. Using a radiation criterion of a does rate 
of 6 x 1 Or rads (Si) per day aa the maximum anticipated in geosynchronous 

orbit, the materials have life expectancies in excess of 5 to 500 years 

(Reference 15). Since ir>iy a few of the materials have low damage 
thresholds and these are usually restricted to low radiation exposures in the 
interior of apaoeoraft, a minimum of thirty-year life is expected for any 
platform system designed using the materials in the data base. 

The data base is contained in Tables 2.2-0 through 2.0-11. Table 2.0-1 
provides a glossary of r^nas. Tablss 2.0-2 through 2.0-11 pressnt candidate 
materials and their pertinent material properties. 

Tension and Compression Members 


Some typical metals such as aluminum 2219 and beryllium (Table 2.0-2) are 
included in the data base for comparison with the more advanced materials such 
as the organic and metal matrix composite materials (Table 2.0-5). 

Considering the deaign parameters of low thermal distortion, low cost, and 
high modulus, the most attractive candidate materials within the state of the 
art are the epoxy/graphite composites. The metals have a high coefficient of 
thermal expanaio- which contributes to excessive thermal distortion of the 
structure. The polyimide/grapbite is state of the art, but it is used only 
for high temperature applications because it is excasaively expensive for 
general use. The metal matrix composites have all the right properties, but 
are at present very expensive and the technology is in the experimental stage 
and may not be available for production ly 1986. Therefore, they may have to 
be relegated to specialty applications where no other material can reasonably 
suffice. Some new materials that will very probably be evailable for general 
application to point designs in 1986 are the very high modulus graphite 
fibers. These fibers permit the production of structures with a lower 
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Table 2.0-1. Glossary of Terms for Data Base 



1 BHB CHAftAdTM 1 


A 

acceptable 

■ 

MEMORY 

a 

ACCEPTABLE BITS SPECIFIC COUPONS 

L 

LOSS FACTOR 

*• 

BEARING STUN Cm 

N/A 

NOT APPLICABLE 

c 

ACCEPTABILITY MUST BI DEMON 3TJU- 

HR 

NOT RATED 


t^d by test oa analysis 

R 

REFLECTANCE 

0 

DOCTtLITY 

CT 

SURFACE RESISTIVITY 

da« 

Dima ion or helium 

3 

SIT POINV 


DIELECTRIC CONSTANT 

Bp 

SPECIFIC SEAT 

■H. 

DISSIPATION factor 

TML 

TOTAL MASS LOSS 

E 

MODULUS 

U 

UNAVAILABLE 

• 

ELONGATION 

VC* 

VOLATILE OQKDENSIBLI MATERIAL 

r 

STRESS 

l/7 

VOLUME RESISTIVITY 

r 

FATIGUE PROPERTIES 

X 

UNACCEPTABLE 

0 

SHEAX MODULUS 

a 

ABSORBTI VITT 

a 

HARDNESS 

€ 

IMISSIVITY 

( 

COEFFICIENT 

P 

POISSON* RATIO 

k 

THERMAL CONDUCTANCE 

P 

DENSITY 




I* i'j 

c 

COMPRESSION 

c 

TEMPERA TURF 

E 

MODULUS 

e 

THERMAL ETPANS.’OS 

t 

TENSILE 

f 

FRICTION 

ti 

ULTIMATE 

L 

LONGITUDINAL 

• 

SHEAR 

T 

TRANSVERSE 


DIMENSIONS 



MPa 

- MEGA PASCALS 



OP* 

- 010* PASCALS 



J/kgl - JOULES /E I LOORAM- DEGREE KELVIN 



a /ml 

- VATTS /METER -DEGREE KELVIN 



»/■* 

- METER /METER- DEGREE KELVIN 



k«/oJ . K I LOORAM /CUBIC METER 



] i»*/a*c-ATM - sou ABE MITERS /SECOND- ATMOSPHERE 



coefficient of thermal expansion, a higher thermal conductivity and a high 
specific rigidity. The two more prominent contenders in the field of high 
modulus fiber composites are the P75S/934 and PlOOS/934 graphite/epoxy 
composites listed in Table 2.0-3- 

Flttinga 

In addition to the conventional materials used in the manufacture of fittings 
for spacecraft, such as the metals in Table 2.0-4, more unconventional 
materials (Table 2.0-5) are being considered to obtain both a closer thermal 
expansion match to the basic structure and a closer match to the modulus* 
Another major advantage for the use of composite fittings is that it permits 
the molding of fittings direutly into structural members. The type of organic 
materials most amenable to this type of processing are the thermoplastic 
composites such as the polysulf one/graphites. There is some development work, 
however, that needs to be accomplished between now and PY 1336 to reduce the 
direct molding to structural member process to common everyday practice. 
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Tails 2.0-?. Metallic Materials for Structural Members 



MATERIALS © 

ALUMINUM 

2219 

BERYLLIUM 

PROPERTIES 0 (£ 


MECHANICAL 




(MPa) 

427.8 

276.0 


(MPa) 

331.0 

207.0 

_su 

F L 

(MPa) 

248.4 

172.0 


(GPa) 

72.5 

289.0 


(GPa) 

74.5 

289.0 

g l 

(GPa) 

27.6 

138.0 

A 


0.33 

0. 10 

B (MP 
e 

ie/0 » 1.5 

3 e/D - 2.0 

655.0 

835.0 

N/A 

PHYSICAL 



Sp 

(J/kgK) 

848.0 

1825.0 

k 

(W/mK) 

12.1 

8.4 

Ke 

(m/mK x lo '^) 

22.0 

12.3 

e 


0.05 

0.10 

a 


0. 10 

0 55 

R 


0.90 

0.45 

P 

(kg/m3) 

2830.0 

1850.0 

APPLICATIONS 

TENSION & 
COMPRESSION 

TENSION & 
COMPRESSION 



BEARINGS 



0 ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS 
© ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND TML 
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Tajbie 2.0-J. Struct urai Member Candidate Composite Materials 


( 



—^hateriai (D®(3> 

GRAPH ITE/EPPXT Q 

n 

POLTIMIDE/ 

Alum mm/ 

MAGNESIUM/ 

[ PROPERTIES ^ 

T300/934 

P7SS/9J* 

P IOOS/534 

a> ‘ 

0) 

05 

Nf CHAM 

0**) 

1482.0 

959.0 

1140.0 

663.0 

463 .0 

635 o 

F,‘ U 

(MPa) 

43.0 

32.0 

37.0 

20.7 

48.0 

35. o 

>l' 

(14 a) 

1274.0 

326.0 

311.0 

538.0 

642.0 

621.0 


(MPa) 

184. 0 

1 19.0 

u 

69.a 

104.0 

104.0 


(MPa) 

69.0 

44, 0 

48.0 

41,0 

48.0 

48.0 


(MPa) 

)).0 

21 . ' 

23.0 

20. a 

55.0 

U 

< 

(GPa) 

u.5.0 

366.0 

428.0 

304.0 

207.0 

324.0 

«t‘ 

(SPe) 

IC,0 

6.0 

u 

6.2 

35.0 

21.0 

«L 

(U>.) 

133.0 

244.0 

428.0 

254.0 

U 

U 

M 

(*) 

5.0 

4.9 

u 

4.83 

24. 1 

17.3 

PNVSICAl 
Sp (J/kgR) 

980. 0 

u 

a 

875.0 

■ 

942.9 

k 

<W/«R) 

N/A 

N/A 

N/A 

N/A 


1030.0 

k L 

(W/R*) 

9.0 

157.0 

523.0 

77.83 

N/A 

N/A 

*T 

(W/mK> 

0.7 

1 . 0 

u 

1,21 

N/A 

N/A 

*al 

'■/■A* 10*6) 

0.23 

-1.04 

•1.6 

-0.99 

1.33 

0.55 

R*T 

(o/nR x 10-6) 

25.2 

25.6 

26.9 

28.8 

26.6 

28.2 

E 


0.85 

0.85 

0.85 

0.85 

0.45 

0.45 

a 


0.80 

0.80 

0.80 

0.80 

0.45 

0.45 

A 

(kg/mJ) 

0.20 

0.20 

0.20 

0.20 

0.55 

0.55 

P 

1600.0 

1765.0 

1320.0 

1580.0 

2410.0 

1880.0 


QJ ALL COMPOSITE PROPERTIES ME EASED ON 0* FIBER ORIENTATION 

(Sail properties measured under ambinet conditions 
(J All MATERIALS listed MEET SP-R-0022 for vcn and TMl 


r 



i 

I 

1 
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Table 0-4. Metallic Materials for Fittings and Springs 
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Table 2.0-5, Non-Matallic Materials for Fittings and Springs 


MS 

GRAPH IT1/EPOXY (!) 

POLYIMIDE/ 

POLYJULFONI/ 

T30Q/934 

P7SS/9J4 

PI 008/934 

GRAPHITE (1) 

GRAPHITE (1) 

MECHANICAL 

(MPa) 

14*2.0 

999.0 

1140.0 

843.0 

1323.0 (4) 

fj (MPa) 

4*.0 

12.0 (4) 

37.0 (4) 

20.7 

43.0(4) 

F" (MPa) 

\m.o 

328.0 

311.0 

338.0 

1119.0 (4) 

Fy 1 (MPa) 

106.0 

119. 0 

U 

89,0 

144.0 (4) 

Fj“ (MPa) 

w.o 

44.0(4) 

48.0 

41.0 

34.0(4) 

fy (MPa) 


21.0(4) 

23.0(4) 

20.0(4) 

24.0 (4) 

l[ (OPa) 


3*8.0 

428.0 

104.0 

M9.0(4) 

Ej (GPo) 


4.0 

U 

4.2 

4.3 (4) 

E* (OPa) 


244.0 

428.0 

234,0(4) 

U 

C LT (OPa) 

I 

4.9 

U 

4.82 

U 

"LT 

0.29 

0.343 

u 

0.30 

U 

PHYSICAL 
Sp (JAo K) 

180.0 

U 

u 

879.0 

U 

k L (W/iaK) 

9.0 

137.0 

320.0 

77.83 

9.0 (4) 

lc T (W/mK) 

0.7 

1.8 

J 

1.21 

U 

(■/■Km ID* 6 ) 

0.23 

-1.04 

-1.4 

-0.99 

0.23 (4) 

K tr (n/nK x 10**) 

23.2 

23.4 

24.9 

28.8 

U 

€ 

0.83 

0.83 

0.83 

0.83 

0.83 

a 

0.80 

0.80 

0.80 

0.80 

0.80 

ft 

0.20 

0.20 

0.20 

0.20 

0.20 

0 (kg/m 3 ) 

1*00.0 

1743.0 

1820.0 

1380.0 

1490.0 

APPLICATIONS 

FIHINGS 

SPRINGS 

FITTINGS 

SPRINGS 

SPRINGS 


NOTESt (!) A U COMPOSITE PROPERTIES A HE IA5ED ON 0* Flit* ORIENTATION 

(2) AU PROPERTIES MEASURED UNDER AMIIENT CONDITIONS 

(3) AU MATERIALS LISTED MEET SP-R-OQ22 FOR VCM AND TML 

(4) CALCULATED VALUE FROM RASIC MATERIAL FROFERTIES 
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Springs 

Table 2.0-4 presents the conventional spring materials normal y used in 
spacecraft. These materials are metallic and have the same shortcomings of 
excessive thermal expansion as metals proposed for other applications on the 
deployable platform systems. To obtain a close match of the coefficient of 
thermal expansion to a graphite composite structure, it is desirable to 
manufacture the spring out of the same basic materials. Some of the new 
organic composite materials being considered for the production of springs are 
presented in Table 2.0-5* These composite springs may not be commercially 
available by 1936. However, titanium springs can be considered as the closest 
compatible compromise in the event commercial availability of composites lags 
the need date. 

Flexible Tension Members 


Flexible tension members usually consist of metal cables such as the 17-7PH 
stainless steel presented in Tabla 2.0-6. This type of const ’■uction has two 
major deficiencies for this application. One, the high coefficient of thermal 
expanaion of the metala maices these cables Incompatible with the contemplated 
graphite/ epoxy structure. To further aggravate this condition, the twist in 
the material can exaggerate the dimeneional mismatches that occur with thermal 
excursiona. To reduce, if not eliminate this problem, graphite fiber tapes of 
monofilaments with flexible organic binders are proposed. A sample of one of 
these materials ia RTV566/graphlte and is presented in Table 2.0-6. Moat of 
the properties of the Individual components of the composites are known but 
significant work remains to confirm the potentials of these materials in a 
combined form as flexible cables. 


Table 2.0-6. Materials for Tension Cables 


MATERIALS 
(T) (3) 

PROPERTIES'-'-'^: 

RTY 366/ 
GRAPHITE (1) 

I7-7PH STAIN- 
LESS STEEL 

MECHANICAL 



F{“ (MPa) 

U 

IB30.0 

'■[ (OPa) 

u 

200.0 

PHYSICAL 



ip (JAeK) 

u 

460.5 

k (W/mK) 

u 

16.1 

K, (»/■«* I0“ 6 ) 

u 

10.4 

( 

0.90 

0.30 

a 

0.03 

0.10-0.23 

R 

0.13 

0.90-0.75 

P (La/ 1 " 3 ) 

U 

7760.0 

APPLICATIONS 

TENSION 

TENSION 


NOTES) (I) ALL COMPOSITE PROPERTIES ARE BASED ON 0° FI«R ORIENTATION 

(2) ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS 

(3) ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND TMl 
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The primary criterion for electrical conductors, apart from the obvious 
properties such as specific electrical conductivity, is the ability to coil 
and uncoil the conductors several times through very tight radii for stowage 
and deployment in a deployable structure. To this end, copper with its smaller 
radius of wire for equivalent electrical conductivity, surpasses aluminum. 

Its superior mechanical properties for like wire gauges surpass silver for 
this application (Table 2.0-7). 


Table 2.0-7. Materials for Electrical Conductors 


-^MTERIALS (2) 

PROPERT iTT" 

ALUMINUM 
1 100 

COPPER 

SILVER 

MECHAN 1 CAL 




(MPa) 

U 

165.0 

207.0 

138.0 

E* (MPa) 

68.2 

117.0 

73.0 . 

PHYSICAL 




Sp (J/kgK) 

958.8 

385.2 

238.6 

k (W/mK) 

222.0 

7. 1 1 x 105 

427.0 

K,. (m/mKx 10“ 6 ) 

23.86 

16.74 

19.0 

p (kg/m3) 

2710.0 

8920.0 

10 , 500.0 

1/7 (ohm- cm x 10"6) 

2.6548 

1.6730 

1.50 

APPLI CATIONS 

FLUID LINES Q) 

ELECTRICAL 

CONDUCTOR 

ELECTRICAL 

CONDUCTOR 

ELECTRICAL 

CONDUCTOR 

(D ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS 
© ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND TML 
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Fluid diffusion barriers (Table 2.0-6) are one application where only a metal 
can perform effectively for long exposure times. Thore are a number of 
candidate materialn with little to choose between. The possible exception is 
the use of the metal matrix composites which technically provide the best of 
all worlds, low coefficient of thermal expansion, high resistance to gas 
diffusion, high modulus and low weight. The drawbacks are extreme high cost 
and the commercial availability by 1986. 


Table 2.0-8. Diffusion Barriers for Fluid Lines 


MATERIALS 

PROPERTIES (3)“~''»^ 

17-7PH 

STAINLESS 

STEEL 

WBKmbmM 

ALUMINUM 

9052 

ALUMINUM 

9098 

ALUMINUM 

1100 

TITANIUM 

(6AL-4V) 

MECHANICAL 







f[“ (MPa) 

1830.0 

483.0 

280.8 

414.0 

165.0 

1100.0 

E* (GPl) 

200.0 

207.0 

70.4 

71.1 

68.2 

110.0 

PHYSICAL 







3p ( J/kgK ) 

460.S 

963.9 

962.9 

921.0 

956.8 

544.0 

k C»/ak> 

16. 1 

233.0 

138.0 

116.6 

222.0 

7.0 

It, (m/mX x 10*®) 

10.4 

L 1.33 
T 28.6 

24.1 

24.1 

23. 88 

9.4 

(n 3 /»«o- ATM) 

NBOLIOIBLE 

NBOLIOIBLE 

NBOLIOIBLE 

NBOLIOIBLE 

NBOLIOIBLE 

NEGLIGIBLE 

P <k/n 3 > 

7760.0 

.<410.0 

2690.0 

2640.0 

2710.0 

4430.0 

CHEMICAL 







HYDRAZINE 

A 

A 

A 

A 

A 

A 

HELIUM 

A 

A 

A 

A 

A 

A 

FREONS AS A CLASS 

A 

A 

A 

A 

A 

X (9) 

NITROGEN TBTROXIDE 

A 

A 

A 

A 

A 

A 

APPLICATIONS 

FLUID LIKES 
(1) 

FLUID LINES 
(1) 

FLUID LINES 
(1> 

FLUID LINES 

<1) 

PLUID L1NE8 
Cl) 

FLUID LINES 
(1) 


NOTES: 

(1) THE FLUID LINES MAT BE OVERfRAPPED HYBRIDS OR S1NOLE MATERIALS 

(2) ALL COMPOSITE PROPERTIES ARE BASED ON 0° FIBER ORIENTATION 

(3) .ILL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS 
(4} ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND THL 

(5) CHLORIDES AND CHLORINATED HYDROCARBONS OTHER THAN FREON TF ARE UNACCEPTABLE 


Diffusion Barriera-Bellows 


Considering the extended exposure times anticipated for flexible portions of 
the fluid lines the only materials reasonable to consider for this application 
are metal bellows. The two primary materials currently in use are presented 
in Table 2.0-9. It ia not anticipated that any significant new material will 
be available for point design by FT 1986. 
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Table 2.0-9. Diffusion Barriers for Bellows 



MATERIALS 

PROPERTIES* 

321 STAINLESS STEEL 

INCONEL 718 

MECHANICAL 



Ff U (MPa) 

586.0 

1240.0 

F* U (MPa) 

N/A 

N/A 

F[ U (MPa) 

N/A 

N/A 

E* (GPa) 

193.0 

200.0 

(GPa) 

N/A 

N/A 

P 

o 

IO 

00 

0.31 

PHYSICAL 



Sp (J/kgK) 

.>02.0 

418.7 

dn e (sec/m 2 s) 

NEGLIGIBLE 

NEGLIGIBLE 

p (kg/n>3) 



1/7 (ohm-cm x 10"6) 

N/A 

N/A 


CHEMICAL 

HYDRAZINE 

HELIUM 

FREONS AS A CLASS 
NITROGEN TETROXIDE 



APPLICATIONS 


BELLOWS 


BELLOWS 


*ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS 
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Vibration Damping Materi als 

Currently, there are primarily two significant space-rated materials for 
vibration damping. These materials are presented in Table 2.0-10. It is not 
anticipated that any unusual developments will require any unique materials 
development in this area. 


Table 2.0-10. Vibration 
Damping Materials 


~-"^^l*ATHIA13 
P«OPt*TI£?"~~'''~' 

SMI no 
0 . 1 . 

SYNTACTIC 
FOAM D 
AI*OAff_ 

MICHANICAL 



<«•) 

1760.0 

2206.0 

• {%) 

100.0 

33.0 

Tontansl Stw* (KN) 

U 

1033.0 

0 (KPo! 

u 

41,400.0 

T«ar StaMV* (N-M) 

u 

11.3 

H (Short A) 

30.0 min. 

70.0-03.0 

°b 

0.162 
(1 KHs) 

0.12 

(1 MHxmm.) 

PHYSICAL 



VCM <%) 

0.02 

0.10 

TML (%) 

0. 19 

0.22 

Glw TrontlHon (°K) 

U 

227.0 

APPLICATIONS 

VIMATION 

DAMPING 

VIMATION 

DAMPING 


Thermal Control Coatings 

Some typical space-rated thermal control coatinga currently available are 
presented in Table 2.0-11. This area requires some extended development not 
only for deployable space structure, but for all spacecraft. Very few 
materials serve in this capacity and meet the outgassing contamination 
requirements of NASA specification SP-R-0022. These materials have some 
problems with adhesion and general in-space deterioration from causes not 
fully understood. 
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Table 2,0-11. Thermal Control Coatings 


.^MATERIALS 

rtOFtBTti. 

HACK CHEM- 
OLAXf ZOO* 

— mn — 

SI3GAO 

(into 

MI CHAN IO L 



AAaU, (1) 

NO EVIDENCE 
OF UFTINO 

NO EVI0O4CE 
OF LIFTING 

PHYSICAL 



a 

0.94 

0,22 

< 

0,(6 

0.83 

VCM (%) 

0.01 (3) 

0.03 (2) 

TML («) 

0.36 (3) 

0.47 (2) 

APPLICATIONS 

THERMAL 

CONTROL 

COATING 

THERMAL 

CONTROL 

COATING 


NOTES* (1) TESTED PB ASTM 0-332 

(2) FULLY CUBED (30 DAYS Ot LONQEB) AT DOOM TEMPERATURE 

(3) CUBED 30 DAYS AT BOOM TEMPERATURE 


Lubricants 


Several space-rated lubricants exist for most of the typical applications that 
are anticipated. For solid film lubricant applications, there are the 
molybdenum disulfides such as Molykote 3402 which conforms to NIL-L-3937 and 
Adreaolube 13 which conforms to MIL-L-46010. There is also a tungsten 
disulfide solid film lubricant Microseal. Vhere greases are needed there is a 
fluorinated material, Braycoat 3L-3SRP; and for an oil, a fluorinated 
material, Brayco 815Z. All these materials meet the requirements for 
outgassing in 3P-R-0022. The materials listed are typical of the many 
available and are presented for illustration only. 
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3. IDENTIFICATON OP TECHNOLOGY DEVELOPMENT HEEDS 

Table 3.0-1 preaanta the apaoial technology neede summary. It eummarizea the 
estimated coat of resolving each new technology need, as well as the estimated 
calendar time. 


Table 3.0-1. Special Technology Needs Summary 


POTENTIAL TECHNOLOGY REQUIREMENT 
(LISTED BY RATING) 

ESTIMATED 
TOTAL COST ($) 

SCHEDULE TO 
ACCOMPLISH (YR) 

PRIORITY 

• DAMPING CHARACTERISTICS PREDICTION TECHNIQUE 

350-400,000 

4.0 


• ORBITAL TRANSFER THRUSTER (1335-2225 N THRUST)* 

780-960,000 

3,5 


• SPACE CHARGE DISSIPATION TECHNIQUES 

124-150,000 

4.0 

HIGHEST 

• JOINTS WITHOUT 'SLOP* 

190-220,000 

1.5 


• MINIMIZE STRUCTURAL LOAD AMPLIFICATION 

295-340,000 

3.5 


• RADIATION-RESISTANT FIBER OPTICS 

120-150,000 

1.0 


• LIGHTWEIGHT, LOWCTE, HIGH-STRENGTH CLUSTER FITTING 

210-240,000 

1.7 

MEDIUM 

• PASSIVE STRUCTURAL DAMPING TECHNIQUES 

100-125,000 

2.0 

• MICROMETEOROID STRUCTURE DAMAGE 

100-150,000 

1.5 


• RADIATION-RESISTANT THERMAL CONTROL COATING 

95-115,000 

0.8 


• HIGH-CAPACITY HEAT PIPE 

600-800,000 

3.5 


• ACTIVE STRUCTURAL CONTROL TECHNIQUES 

300-350,000 

3.3 


• ADAPTIVE CONTROL TECHNIQUES 

340-385,000 

2.7 

LOWEST 

• LIGHTWEIGHT, HIGH-STRENGTH MEMBER (MALE) FITTING 

155-175,000 

1.7 

• INSULATED FLEXIBLE COOLANT LINES 

190-240,000 

2.5 


• LOW CTE, HIGH MODULUS, FLEXIBLE TENSION MEMBER 

100-130,000 

1.0 


TOTAL 

4,930,000 

(HIGHEST) 

4.0 

(LONGEST) 



*THIS technology requirement is invalid if earth storable propellants are chosen for the 

ORBIT TRANSFER FUNCTION. 


The technology needs are presented in three priority groups. The groups are 
based upon consideration of net effect on performance, hardware level of the 
problem, type of logic for resolution, level of test simulation required, 
development test approach, and required hardware interfaces. There is no 
significance to the order of the items listed within each priority group. 

It is pertinent to note that numerous development tests need to be performed 
pertaining to electrical cable bending, fatigue data, suitability of folding 
Joints, telescoping Joints, etc. These were not considered new technology 
items since the technical approach is based on known methodologies. 

The logic diagram shown in Figure 3.0-1 indicates the approach Rockwell used 
to identify, validate, and estimate the cost of the special technology needs. 
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Spac* Oparalkont / InWgraOon t 
Satalllla Syilama Otvialon 


Rockwell 

International 



FORM 1 


VALIDATION 
QUESTIONS 
ID 01 131 14) 


FORMS 2 & 3 


GATE 2 


TECHNICAL 
REVIEW 
REJECT <^Z j *°AW 


PASS 


SYSTEM 

IMPACT 

RANKING 


TIME-PHASED 
COST ESTIMATE 
AND 

SCHEDULE 


TECHNOLOGY 
DATA BASE 


' Dr, Jim Halfner 
Norm Scully 
Dr. Ed French 
Lee Smith 


Devalue Peebles 
Dave Pankopl 
T. Nishlmoto 
Fred Etheridge 


COST I 

SCHEDULE 

REQMTS 


Figure 3.0-1, Logic Diagram — Special Technology Needs 

Table 3.0-2 summarizes the 23 potential technology items identified, along 
with the rationale used to reject seven of the items. As might be expected, 
the greatest number of items are identified for structures and materials, as 
well as dynamics and control. 

Each of these potential technology requirements was validated by asking the 
four questions shown in Table 3.0-3. The Technical Review Board (TRB) , 
representing in-depth knowledge in each of the disciplines covered, was able 
to identify solutions/ongoing R&D activities for seven of the 23 items dis- 
cussed. The remaining 16 items, which passed Gate 1, were scrutinized further 
as the TRB collected confirming data. The data were reviewed at the second 
gate, with confirmation of the 16 primary technology candidates. 

Most of the requirements apply to all the structural concepts generated, not 
just to individual concepts. As an example, radiation-reBistant fiber optics 
apply to all the concepts generated — not just one or two. For this reason, 
the output of this taBk is deemed to be inappropriate for inclusion in the 
selection criteria, but will be a direct input to the Preliminary Test Plan 
of the Part II study, 

A fis al year schedule for each Identified task, including major milestones, 
was completed for each technology deficiency. Estimated costs were estab- 
lished through discussions with each responsible engineer in each discipline, 
using a checklist which includes the costs for design and analysis, manufac- 
turing, laboratory testing, major ground tests, flight tests, and (outside) 
consultation fees. 
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Table J.0-2. Summary of Potential Technology Requirements 


POTCNTI AL ITCHS 


RATIONAL! POA SCL1CTI0N 


STROt JURIS AMO mATIRIALS 


• AiouMfriMoi* impact structuri mna u 

• RAO IATI ON- ASSISTANT PIMA Oft I Cl 

• IP ACS CHAAU DISSIPATION riCM»l<HKI 

• RAO I AT I ON-AClt START THCAMAL COAT I M 

• LOW CTt , HIM MODULUS, rtllltll TtMIOM MMU 

• L« tn, HIM MODULI*. COWOCt II MAWUAl TO* I 

DC PLOT AML STRUCTURAL CUMNTS I 

• LICN1MIMT, LOU CTT HICM-STACMTN CLUlTIR 

nrriHo 

• LIOHTWCIAHT, HICM-STACMTH MCMMA (HALT) PITTIM 

• COMMITS HAT1RIAL CAAPIMTCA'S HI HU 

• UAO-tACALASN JO I HIT 


CUAA1HTLV UHM0 MWLOfHtHT OT 4.C. AM COMIAIA 


MOOT- TIM DtVSLOPMfNT if TORT 


MjjjL COHTAOi 


• IMSULATIR PUAIIU COOLAHT LIHtl 

• LONG-UPS PLUIO RUHR 

• MICH-CAPACITY HIAT PIPS 

• MAT RIRI INTCRCONNCCTION TtOWIQl* 


• ROT AT I HO PlUID JOIHT TOO ART I CULAT IMG RAO I ATOM 


! otiutiii 


ORIITTR‘1 RADIATOR PRIM RUHR 

CAR ACIO « IT Of ftlU TICHNIQUCS 

( MS IM APPROACH Of MOMTAATf 0 OORIM PLTIM UMAR 
1 1 CURS I ON f XRCRIMHTAL PLATPORH CONTRACT 
(HAS I -9S 14, 1)70) 


• TICHNIQUCS TO MOUCf MM RADIUS OR CUC. CARIIS 

• TCCHNIQUfS TO RCDUCI MM RADIUS OR MN-POMA 

CADUS 


RRORULSIM 


J DfSIM SOLUTIONS ARC WITHIN CURAIHT Tf CMNOUMT 
| AT ALA 


• ORRITAL TRAMSPIR THRUSTCR ( I1SWI15 N THRUST) 


OTHAHICS AM CONTROL 

• OAMPIM CMARACTCRISTICS RRIDI CTIQN TiQWIQUC 

• ADAPT I Vf CONTROL TICHNIQUIS 

• ACT I VI STRUCTURAL CONTROL TTCHNIQUCS 

• PASSIM STRUCTURAL DAMPING TTCHNIQUCS 

• MINIMIS STRUCTURAL LOAD AMPLIRICATIM 


Table 3.0-3. Validation Questions 


\. IS COMPARABLE WORK BEING CONDUCTED NOW (OR CONTEMPLATED) 
BY NASA, D00, OR INDUSTRY? 

i COULD THE REQUIRED NEED DATE BE SATISFIED BY THE 
ON-GOING TECHNOLOGY RATE/TREND LINE? 

3. ARE THERE VIABLE ALTERNATIVES IF THE TECHNOLOGY NEED 
IS NOT SATISFIED? 

A. IS THE SOLUTION TO THE PROBLEM PRIMARILY A SHORT-TERM 
EFFORT (LESS THAN ONE YEAR)? 
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The final products of thia task ira provided at tha and of thia aaotion. The 
individual taaks alao land themselves to mora aocurste oilaatona achadulaa and 
t iaa-phaaad coat aatiaatea. 

Tha 16 technology items were Chen prioritized according to tha critaria 
daacrlbad in Table 3.0-4. 

Tha uaa of critaria ia a mathod of measuring the impact of a new tachnology 
need on daployable platform syatem parformanoa. Tha first oritarion ia a 
direct measure, while tha remaining five are indirect measurements baaed on 
tha relative difficulty of solving a particular tachnology deficiency. 

The reaulta of the rating are summarized in Table 3.0-5, which indicates that 
tha point count ranges from a high of 4.75, down to 2.00. In those cases 
where two or more tachnology deficiencies receive tbj same numerical total, 
tha same priority rating is assigned. Although this technique is rather 
arbitrary, the ratings are relative to each other, and a difference of one or 
two positions is not critical. 

Because these rating criteria have only one direct measurement of the impact 
of a naw technology need on syatem performance, a sensitivity analysis is 
conducted. The results of this analysis are shown in Table 3«0-6. The uppor 
limit of the first cri f erlon Is raised to 3.00 (rather than 1.00) and each 
priority rating value in thia column is multiplied by 3*00 to intensify the 
first criterion. The results (Table 3.0-6) indicate that roughly half the 
technology requires -at a do not change position and the cither half moves only 
one or two positions, i.e., the change is nsgligible. 
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Table 3.0-4. 


P?'<*w,u PfiG , : 

F p oof> guALrrv 

Priority Racing Criteria ‘-Hr 


i I, NET tr HCT OX PLATFORM ('t tPOAMAMCT") AN OVERALL MEASURE Of THE IMPACT THAT A TECHNOLOGY DEFICIENCY HAS ON A M 
OPERATIONAL DCf LOYAILt PLATFORM OES I GN IS THE MET EffE CT OH PERFORMANCE ; AMO, IE CAUSE THE MET EFFECT INCLUDES ALL 
TYFES or TECHNOLOGY DEFICIENCIES, THE TEAMS USED TO OESCAIAE THE INTACT ON THE SYSTEM ARE RATHER GENERAL. OUR 

numerical rating assigns a value or 1.00 for Iivnu pbmvmuk'y uhttiatio* , while mo t km act it assigned a value 

OF EERO. 

• SEVEL TEAFOANAACE limitation 1. 00 

• CONS I OERAALE DEGRADATION 0.75 

• MILD ll»ACT 0.50 

• HCASURABU DEGRADATION 0.15 

• no intact on terformance o 


HI "Wmmm OTtt gy waiinn ONE indirect measure of the system intact of A TECHNOLOGY DEFICIENCY is the level 
rfnrrorasmrw the HAkbUARE required TO resolve the faoilen. generally steaking, a cohtonent (such as a 

HUNT) REPRESENTS A MUCH LOWER COST INTACT TO RESOLVE A TAOILEM, COMTARED TO A COMA I NED SUtSYSTEMS OR INTEGRATED 
SYSTEM TEST FAOGAAM. THE LATTER NORMALLY REQUIRES MANY ITEMS Of GROUND SUTFOAT CQUITMENT AND KNOWLEDGEABLE TECH- 
NICAL PERSONNEL IN A VARIETY OF DISCIPLINES TO SUCCESSFULLY DIAGNOSE AMD CORRECT A SYSTEMS -LEVEL DEVELOPMENT TASK. 
A COMPONENT, ON THE OTHER HAND, USUALLY REQUIRES A MUCH SMALLER TEAM WITH MORE IN-DEPTH TECHNICAL TRAINING AND A 
FEW ITEMS OF GAOUNO SUPPORT EQUIPMENT. OUR NUMERICAL RATING ASSIGNS A VALUE OF 1.00 FOR A SYSTEM-LEVEL PROBLEM 
BECAUSE OF THE RELATIVELY GREATER COPPLEXITY OF A SYSTEM VERSUS A COWOMENT. A COMPONENT -LEVEL PROBLEM HAS A 
VALUE OF 0.25. 

• combined subsystens/integrateo systems i.oo 

• SYS7EM/SY5TEM CRITICAL INTERFACE 0.75 

• SUBSYSTEM 0.50 

• COMPONENT 0.25 

• MATERIAL OR METHODS 0 


I 37 frPE OF L6&IC FQR RESOLUTION I THE TYPE OF (COMPUTATIONAL) LOGIC REQUIRED TO RESOLVE A TECHNOLOGY DEFICIENCY 

i5 also' am inoiaect measure 5r system impact, cut-amo-tay logic is a form of curve fitting in a region where 

RELA'IONSHIPS ARE NOT WELL OEFINCD. THIS METHOD IS TIME-CONSUMING ANO REQUIRES EXPERIMENTATION. AN EXAMPLE WOULD 
BE THE KMOWLEOG! OF FLUID BEHAVIOR IN ZERO GRAVITY IN 19M. AT THE OTHER EXTREME, ANALYSIS OF A PROBLEM USING 
PROVEN FORMULAS/RELATIONSMIPS AND/OR COMPUTER-STORED PROGRAMS IS RELATIVELY SIMPLE (LEAST COST IMPACT). 

• CUT AND TRY 1.00 

• DATA EXTRAPOLATION 0.75 

• STATISTICAL/EMPIRICAL 0.50 

• ANALYSIS/SYHTHE S IS 0.25 


(X LEVEL 0^ tP.T/SIMULATION REQUIRED 1 TEST LEVELS REQUIRED TO FIND SOLUTIONS TO A PROBLEM ARE ALSO INDICATIVE 
OF RELATIVE SYS1 JH IMPACT. A MAJOR FLIGHT TEST, FOR INSTANC.:, IS VERY COSTLY BUT 15 SOMETIMES JUSTIFIED AS THE 
ONLY TEST LEVEL WHICH WILL CREATE ACTUAL COMBINED TEST ENVIRONMENTS WHICH ARE NECESSARY FOR HIGH-COHFIOEMCC RESO- 
LUTION. LABORATORY TESTING, ON THE OTHER HIND, TENDS TO BE LESS COSTLY BECAUSE THE TEST TEAM IS GENERALLY SMALL 
AMD THE TEST ENVIRONMENT, EVEN IF CONSIDERED COSTLY, DOES HOT LAST VERY LONG (APPLIED INTERMITTENTLY). 

• MAJOR FLIGHT TEST 1.00 

• MAJOR GROUND TEST 0.75 

• FLIGHT /GROUND PASSENGER 0.50 

• LAIORATORT 0.25 


15. DEVELOPMENT TtSt APPROACH*! THE DEVELOPMENT TEST APPROACH REFERS TO THE PRIMARY MITHOO TO BE USED TO OBTAIN 
THE DESIRED TEST RESULTS. AS AN EXAWLE, COMBINED TEST ENVIROHNENTS ARE GENERALLY PREFERRED, FROM A TEST POINT 
OF VIEW, BECAUSE THEY STRESS THE TEST ARTICLE SIHIUR TO ACTUAL USE CONDITIONS AND THEREBY ELIMINATE SOME OP THE 
UMKHOWNS (the AODITIVI EFFECT OF INTERNAL STRESS LEVELS CAUSED BY DIFFERENT ENVIRONMENTS), COMBINED TEST ENVIR- 
ONMENTS ARE DIFFICULT TO ACHIEVE AM) ARE, THEREFORE, COSTLY TO SIMULATE. A DEMONSTRATION TEST, HOWEVER, IS 
USUALLY STRAIGHTFORWARD AHO, FROM a COST IMPACT STANDPOINT, AEPRESEHTS RELATIVELY LOW TEST COSTS. 

• COMBINED ENVIRONMENTS TESTING 1.00 

• DETERMINE SAFETY MARGINS 0.75 

• DETERMINE FAILURr MODES 0.50 

• DEMONSTRATION 0.25 

• GATHER OATA 0 


OTHER HARDWARE INTERFACES REQUIRED TO CONTROL, MONITOR, SIMULATE. RECORD, 
COOL, SUPPORT, POINT, OR TRACK THE TEST ARTICLE ARE ALSO AH INOIRECT MEASURE OF THE IMPACT OF A TECHNOLOGY DEFICI- 
ENCY. QTHEF. WANMMpf | MTEP.FACES RFPRISfNT CIMSIOFRABLE COST TO OBTAIN AHO OPERATE. OR TO SIMULATE THE EFFECT OF 
THE INTERFACE. FOR THESE REASONS, COMHtHWD SUMSTSTtm/rmoUtTB SYSTtM (AS A HARDWARE INTERFACE) IS THE MOST 
mvri V AMrt THUMFCIRF HAS TH* HIGHEST PRIORITY RATING value of i.oo. othbh subsystem interfaces represents the 
LEAST COST’ IMPACT AHO HAS THE LOWEST PRIORITY RATING VALUE OF 0.25. 

■ iumiNcu iuSEVSTEHS/ iHTEunATED SYSTEMS i.GG 

• OTHER COMPLETE SYSTEMS 0.75 

• OTHER PARTIAL SYSTEMS 0,50 

• OTHER SUBSYSTEM INTERFACES 0.25 
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Table 3.0-5. Priority Rating Results 




PRIORITY RATING CRITERIA 




POTENTIAL TECHNOLOGY REQUIREMENTS 

NET EFFECT 

ON 

PLATFORM 

PERFORMANCE 

HARDWARE 
LEVEL OF 

PROBLEM 

TYPE OF 
LOGIC FOR 
RESOLUTION 

LEVEL OF 
TEST/ 

SIHUIATION 

REQUIRES 

DEVELOPMENT 
TEST | 

APPROACH 

OTHER 
HARM ARE 
INTERFACES 
REQUIRE* 

Tom 

RATING 

9 

RADIATIOH-ftESISTANT FIBER OPTICS 

0.75 

0 

0.75 

0.25 

0.75 

0.25 

1.75 

5 

m 

SPACE CHARGE OISSIPATIOII TECHNIQUES 

1.00 

0 

0.50 

0.50 

0.75 

0.25 

3.50 

3 

i. 

RAC 1 ATI OH- RES l$1 ANT THCIIHAL CONTROL COATING 

0.25 

0 

O.SO 

0.50 

0.75 

0.25 

2.25 

f, 

K. 

LOU CTE, HIGH HOOUUft, FI.EXIILE TENSION MEMBER* 

0.8 

0.25 

1.00 

0.25 

0.50 

O.SO 

R/A 

8 

5. 

LIGHTWEIGHT, LOW CTE , HIGH-STRENGTH CLUSTER 
FITTING 

0.50 

0.25 

0.75 

0.25 

0.50 

0.50 

1.75 

5 

4. 

LIGHTWEIGHT, HIGH-STRENGTH MEMBER (MALE) 
FITTING 

0 25 

0.25 

0.50 

0.25 

0.50 

0.2S 

2.00 

n 

7- 

2ER0-BACKLASH JOINTS 

0.75 

0.25 

0.50 

0.25 

0.75 

O.SO 

1.00 

HI 

8. 

INSULATED FLEXIBLE COOLANT LINES 

0.25 

0.25 

0.50 

0.2S 

0.50 

0.25 

2.00 

7 

3. 

HIGH-CAPACITY HEAT PIPE 

0.0 

0.25 

0.50 

0.25 

0.50 

n.TS 

N/A 

8 

10. 

ORBITAL TRANSFER THRUSTER (133s- 2215 N THRUST) 

0.75 

0.50 

0.75 

0.50 

1.00 . 

0.75 

*.25 

2 

II. 

CAMPING CHARACTERISTICS PREDICTION TECHNIQUE 



0.75 

0.75 

0.50 

1.00 

0.75 

1.00 

t.TS 

1 

12. 

ADAPTIVE CONTROL TECHNIQUES 

0.0 

O.SO 

0.50 

0.25 

0 

0.2S 

N/A 

8 

IJ. 

ACTIVE STRUCTURAL CONTROL TECHNIQUES 

0.0 

0.75 

O.SO 

0.2S 

0.50 

0.75 

N/A 

8 

It. 

PASSIVE STRUCTURAL DAHP1NG TECHNIQUES 

0.50 

0.25 

0.75 

0.25 

0.75 

0.25 

2-75 

5 

IS. 

MINIMIZE STRUCTURAL LOAD AMPLIFICATION 

O.SO 

0.50 

0.50 

0.50 

0.50 

0.50 

3.00 

4 

18. 

MICROMETEOROID IM>ACT 

0.75 

0.25 

0.25 

0.75 

0.25 

0 

2.25 

6 


NOTE : A VALUE OF 0.0 IN THE FIRST COLUMN AUTOMATICALLY PLACES THE REQUIREMENT IN LAST PLACF . 

* NOT A SELECTED CONCEPT. 
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Table 3.0-6. Sensitivity Trade Results 




i 


U1 

I 

^4 




PRIORITY RATING CRITERIA 




POTENTIAL TECHNOLOGY REQUIREMENTS 

NET EFFECT 

ON 

PLATFORM 

PERFORMANCE 

HARDWARE 
LEVEL OF 
PROBLEM 

TYPE OF 
LOGIC FOR 
RESOLUTION 

LEVEL OF 

TEST/ 

SIMULATION 

REQUIRED 

DEVELOPMENT 

TEST 

APPROACH 

OTHER 

HARDWARE 

INTERFACES 

REQUIRED 

TOTAL 

RATING 

1. 

RADIATION-RESISTANT FIBER OPTICS 

2.25 

0 

0.75 

0.25 

0.75 

0.25 

6.2S 

5 

2. 

SPACE CHARGE DISSIPATION TECHNIQUES 

3.00 

0 

0.50 

0.50 

0 75 

C. 25 

5.00 

3 

3. 

RADIATION-RESISTANT THERMAL CONTROL COATING 

0.75 

0 

0.50 

0.50 

0.75 

0.25 

2.75 

8 

6. 

LOW CTE, HIGH MODULUS , FLEXIBLE TENSION MEMBER 

0.0 

0.25 

1 .00 

0.25 

0.50 

0.50 

N/A 

11 

5. 

LIGHTWEIGHT, LOW CTE. HIGH-STRENGTH CLUSTER 
FITTING 

1.50 

0.25 

0.75 

0.25 

0.50 

0. 50 

3.75 

7 

6. 

LIGHTWEIGHT, HIGH-STRENGTH MEMBER (MALE) 
FITTING 

0.75 

0.25 

0.50 

0.25 

0.50 

0.25 

2.50 

10 

7. 

ZERO-bACKLASH JOINTS 

2.25 

0.25 

0.50 



0.25 

0.75 

0.50 

6.50 

4 

a. 

INSULATEO FLEXIBLE COOLANT LINES 

0.75 

0.25 

G.50 

0.25 

0.50 

0.25 

2.50 

9 

9. 

HIGH-CAPACITY HEAT PIPE 

0.0 

0.25 

0.50 

0.25 

0.50 

0.25 

N/A 

11 

10. 

ORBITAL TRANSFER THRUSTER (I33S-233S N THRUST) 

2.25 

0.50 

0.75 

0.50 

1.00 

0.75 

5.75 

2 

11. 

DAMPING CHARACTERISTICS PREDICTION TECHNIQUE 

2-25 

0.75 

0.50 

1.00 

0.75 

1.00 

6.25 

1 

12. 

ADAPTIVE CONTROL TECHNIQUES 

0.0 

0.50 

0.50 

0.25 

0 

0.25 

N/A 

11 

13. 

ACTIVE STRUCTURAL CONTROL TECHNIQUES 

0.0 

0.75 

o.so 

0.25 

0.50 

0.75 

N/A 

11 

Hi. 

PASSIVE STRUCTURAL DAMPING TECHNIQUES 

1.50 

0.25 

0.75 

0.25 

0.75 

0.25 

3.75 

7 

15. 

MINIMIZE STRUCTURAL LOAD AMPLIFICATION 

1.50 

0.50 

0.50 

0.50 

0.50 

0.50 

6.00 

6 

16. 

MiCROMETEOROID IMPACT 

2.25 

0.25 

0.25 

0.75 

0.25 

0 

3.75 

7 


1 NOTE ) 

A VALUE OF 0.0 IN THE FIRST COLUMN AUTOMATICALLY PLACES THE REQUIREMENT IN LAST PLACE. 
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Space Operation*/ Integration * 
Satellite Syttemi Di*i»ton 


g\W Rockwell 

International 


NEW TECHNOLOGY NE ED 

TASK TITL E: ORJBITAL TRANSFER THRUSTER (1335 TO 2225 N THRUST)* 


Justification 

Many light-weight: structure concepts will be constrained to very low 
acceleration forces (thrust to weight ratio) during transfer to 
geosynchronous orbit. A new thruBter, in the 1335 to 2225 N thrust 
range, utilizing liquid oxygen and liquid hydrogen, needs to be 
developed for this application. 

Technical Objective 

Design and demonstrate reliable operation of an orbital transfer 
thruster in the 1335 to 2225N thrust range, pump fed. 

Task Lescription 

Conduct detail design, analysis, manufacture, and development tests to 
verify performance and reliable operation of an orbital 
transfer thruster in the 1335 to 2225 N thrust range. A soft thrust 
buildup transient is a key requirement (5 to 15 second rise time), which 
may require a variable area injector, a sequenced injector design, or 
variable-speed, motor-driven pumps. 


*This technology requirement is invalid if earth storable propellants 
are chosen for the orbital transfer function. 
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Spac* Oparationt/lntagration A 
Salallil* Syt'cmt Dtvlaion 


^1^ Rockwell 

International 


NEW TECHNOLOGY NEED 

TASK TITLE : SPACE CHARGE DISSIPATION TECHNIQUES 


JUSTIFICATION 

The space environment, particularly at geosynchronous altitudes, is Known to 
cause a spacecraft to accumulate a differential charge as high as 20 kilo- 
volts when a magnetic disturbance (called a substorm) occurs in its vicinity. 
Large arcs, or the corona discharge so produced, radiate large-amplitude 
fast-rise-time electromagnetic pulses that can be detrimental to circuits and 
circuit piece-parts. 

While there are active mechanisms to reduce surface charging (electron gun, 
heated filament, or a plasma source), long-term, high-reliability requirements 
suggest a high secondary electron emission material. This area has not been 
fully explored to date and holds the promise of a passive, long-life, highly 
reliable method to minimize surface charging of the system. 

TECHNICAL OBJECTIVES 

• Investigate and recommend, based on simulated environmental testing, a 
surface coating which will produce secondary electron emissions (or 
luminescence) at relatively low-voltage spacecraft charging levels, 

• Develop a suitable application process for the above recommended coating, 
based on laboratory testing and verification methods. 

• Verify, by space testing, that the basic theory of reducing charge voltage 
levels, through secondary yield or photon emission of the coating, actually 
works , 

TASK DESCRIPTION 

Part I will investigate, by means of laboratory testing, various coating 
materials which electroluminesce or produce high secondary yields at 
relatively low-voltage platform charging levels. 

The purpose of this task is to demonstrate the above effect by subjecting 
a test structure, coated with a suitable material, to a simulated electro- 
static charge. 

Part II will concentrate on developing a suitable method of applying the 
recommended coating. Laboratory application tests will be conducted, and 
methods will be developed which verify uniformity and adhesion. 

Prrt III will verify the basic theory of the new coating by space testing, 

A spacecraft (an ATS geosynchronous vehicle) will be crated v/ith Che new 
material and be suitably instrumented (a harness noise monitor and high- 
voltage-charge-accumulation monitor) to detect possible static charge 
buildup and arcing. 
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Spac* Operation* /Integration 4 
Satellite Sr»tefn» Division 




Rockwell 

International 


NEW TECHNOLOGY NEED 

TASK TITLE ; Joints without Slop 


JUSTIFICATION : 

Stiffness of the deployable platform structure will be lost if backlash 

is present in the joints. Also, the predictability of structural 

performance characteristics will be imperiled. 

TECHNICAL OBJECTIVES : 

Develop a zero-backlash joint, suitable for deployable platform designs 

and operational environments. 

TASK DESCRIPTIONS: 

1. Perform design and analysis to investigate and select several promising 
approaches, both passive and active concepts. 

2. Manufacture several joints of each design selected above. 

3. Perform laboratory test program to verify zero backlash for all 
operational (load) conditions and environments. Select the design 
approach which best meets the performance requirements. 
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Space Operations /Integration & 
Satellite Systems Division 


^ & Rockwell 
Wj^J International 





SfMc* Op wl tan t/l wHBra M aw 4 
SatoMHa Systems Ototeion 


g[± Rockwell 

Intemetlonel 


NEW TECHNOLOGY NEED 

TASK TITLE : RADIATION RESISTANT FIBER OPTICS 


JUSTIFICATION: 

Quartz fiber optics are subject to color center formations, called 
opaquing (degrading effect to light transmission), caused by radiation 
impingement in a vacuum. The Quartz fiber space lattice is composed of 
silicon and oxygen atoms which have a one-to-one correspondence (single 
bond) between each element. Double bonds are formed within the lattice 
structure (color is added) when radiation (electrons, protons, or 
photons) displaces an oxygen molecule, thereby destroying one of the 
single bonds. 

Shielding would add considerable mass. The high density material 
required would be a source of secondary emissions (Bremsatrahlung 
radiation, produced by the impact of electrons, protons, or photons) 
which can be more damaging (because these are harder to shield against) 
than the original radiation. 

Two approaches to resolve this problem are presented. The approach 
which shows the most promise, at the end of the development period, will 
be adopted as the baseline method for fiber optic applications. 

TECHNICAL OBJECTIVES: 

1. Determine the possibility that organic materials (such as Acrylic), 
with higher energy linkage between bonds, are more resistant to 
galactic radiation and will maintain high transmissibility of light. 

2, Determine a suitable method of annealing the Quartz fibers with 
heat, applied intermittently. 

TASK DESCRIPTIONS: 

1. Select the most promising organic materials which possess suitable 
light transmission characteristics. 

Conduct a laboratory testing program to determine the amount of 
resistance to simulated galactic radiation of each material selected 
above . 

Based on the above test results recoranend an organic material 
suitable for 10-year life in geosynchronous orbit. 

2. Investigate possible methods of annealing Quartz fibers with heat. 
Conduct laboratory tests to verify that annealing restores the 
single bonds between elements (no degradation) . 

■ ■ — — -- — - 



fpac* Op f Bow/ In Wfl fUon A 
» flllf Sftlafni DMalon 


TASK TITLE: 


NEW TECHNOLOGY NEED 


Lightweight, low CTE , High-Strength Cluster Fitting 


JUSTIFICATION : 

Without a low CTE cluster fitting, the effective CTE for the overall 
deployable platform design could be appreciably higher and result in 
increased thermal deformation. 

TECHNICAL OBJECTIVES : 

Develop a technique for producing multi-directional cluster fittings 
which have the following characteristics: (1) low CTE in each «f the 

projected (longitudinal) directions; (2) close-tolerance clevis pin holes; 
(3) high bearing allowables at the clevis pin holes; (4) low overall 
weight; and (5) high strength across the fitting. 

TASK DESCRIPTIONS : 

1. Manufacture several cluster fittings using different ratios of resin to 
fiber, different fibers, mixes of fibers (glaas/carbon) , as well as 
combination techniques (partial hand layup, partial injection mold). 
Consider metal inserts for clevis pin holes. 

2. Perform a laboratory test program to evaluate longitudinal CTE, 
bearing stress limits, weight, load capacity across the fitting. 

Select the manufacturing methods and material which best meet the 
characteristics desired. 


3. Develop a process specification to be used tc produce multi-directional 
cluster fittings. 
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Sow:* Operation* /Integration 4 
Saiatllt* Sytlwn* OWtatoo 


Rockwell 

International 


NEW TECH NOLOGY NEED-CONTINUATION SHEET 
TASK TITLE : PASSIVE STRUCTURAL DAMPING TECHNIQUES 


JUSTIFICATION . The visco-elastic material currently used to attenuate 
structural response is very heavy and, therefore, would r.ot be suitable 
for application to the entire deployable platform, A judicious applica- 
tion to each pinned joint, to cause the Joint to respond more like a 
cantilevered beam, needs to be investigated and design solutions verified 
by testing. 

TECHNICAL OBJECTIVES . Develop passive structural damping techniques 
suitable for the pinned Joints of large deployable space platform 
structures. 


TASK DESCRIPTIONS 

1. Design studies to determine best means of applying visco-elastic 
material to pinned joints. 

2. Laboratory test program to verify attenuation of structural response 
(pinned joints respond more like cantilevered beam). 

3. Establish a design standard for applying visco-elastic material to 
pinned joints for deployable space platforms. 
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Sp*c» Opvraliom/lntagidton 4 
SilllllK SytUmi Onlllon 


^1^ Rockwell 
Wj^ International 


NEW TECHNOLOGY NEED 


TASK TITLE: Micrometeoroid Impact Structure Damage 

-— iai 


JUSTIFICATION 


The probability of micrometeoroid impact upon the structural members in a 
deployable truss is sufficiently significant to be of concern to the 
structural integrity. Presently, there ia virtually no data descriptive 
of the impact damage upon structural tubes of circular, square, or rectang- 
ular cross sections fabricated from composite materials. 

TECHNICAL OBJECTIVE 

To develop analytical method (confirmed by testing) for prediction of 
micrometeoroid impact damage to circular, square, and rectangular tubes 
of graphite epoxy and aluminum construction. 

(1) Develop analytical methodology, using existing techniques to 
maximum extent possible, to predict structural damage of cand- 
idate constructions. 

(2) Manufacture nine representative sections of graphite epoxy tubing 
and nine representative sections of aluminum tubing. Two tubing 
shapes will be made (nine round, and nine square). 

(3) Characterize each different tubing shape (round, square) for 
compressive strength. 

(4) Test six sections of each different tubing shape for hypervelocity 
Impact, using glass beads with a mass of one gram (or less) to 
produce velocities of 7 km/sec or more. Three sections are to be 
hit on centerline, and three sections hit one inch off centerline. 

(5) Retest each tubing section (which was penetrated) for strength 
characteristics as described in item (2) above. 

(6) Correlate analytical predictions with test data and mobility 
prediction techniques, as required. 
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Sp*c» Op*r*llon*/lo1»flr»llon A 
Syatvmt Division 


Rockwell 

International 


NEW TECHNOLOGY NEED 

TASK TITLE: Radiation- Resistant Thermal Control Coating 


JUSTIFICATION 

The white pigments used in thermal control coatings (such as zinc oxide 
and titanium dioxide) tend to increase in solar absorptivity in the space 
environment. The cause is believed to be a combination of ultra violet 
and entrapped radiation, causing the loss of a small percentage of oxygen 
or water in the pigment. Most white paints will slowly discolor because 
of color centers formed (caused by the loss of oxygen or water). This 
phenomenon causes spacecraft temperature to increase and could imperil the 
operation of temperature-sensitive components using structure as a heat 
sink. 

TECHNICAL OBJECTIVE 

Verify that a new pigment (such as zinc orthotitanate) , with an appropriate 
binder, will not degrade significantly over the ten-year life of the space 
platform in geosynchronous orbit. 

TASK DESCRIPTION 

Conduct laborato’-y tests on new pigments (such as zinc orthotitanate) , with 
an appropriate inorganic binder, to determine the amount of degradation to 
be expected in a space environment over a ten-yeai period. Recommend a new 
pigment and binder combination for long-term space applications. 
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Space Operation* / Integration 4 
Satellite System* Division 


Rockwell 

International 


NEW TECHNOLOGY NEED 


TASK TITLE: HIGH CAPACITY HEAT PIPE 


J ustification 

High capacity heat pipes, in the range of 20 KW-raeters and above, have 
not been developed and demonstrated. 

Technical Objective 

Develop c^d demonstrate a high capacity heat pipe 
Task Description 

Develop and demonstrate a high capacity heat pipe design (20 KW-meters 
and above), suitable for space platform application. 
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Span Operation*/ Integration A 
Satellite Syatenia Division 


* 


Rockwell 
Intel national 


NEW TECHNOLOGY NEED 


T 1 XLf • Active Structural Control Techniques 



JUSTIFICATION : 

This technology will permit a vstera performance requirements to be achieved 
in the presence of relaxed structural stiffness, frequency, damping, and 
alignment requirements. 

TECHNICAL OBJECTIVES : 

Develop an active structural control technique for vibration suppression 
and shape control (including use of distributed sensors and actuators) 
in order to reduce requirements for structural stiffness, frequencies, 
and damping. 

TASK D ESCRIPT ION S: 

1 . 

2 . 

3 . 

A . 

5. 


Develop methodology. 

Synthesize active structural control approach for space platform. 

Simulate . evaluate sensitivity to "real world" errors and 
develop hardware requirements. 

Develop sensor and actuator requirements. 

Verify sensor and actuator performance by space flight- 
testing representative structure and utilities. 
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Soaca Operation*/ Integration 4 
Satellite Syilema Division 


Rockwell 

rl" International 



NEW TECHNOLOGY NEED 

T AS K T I TIE : Adaptive Control Techniques 


JUSTIFICATION 

Large tolerances on structural dynamic parameters, from preflight analy- 
tical estimates, will not permit achievement of a high-perf ormance 
! controller. Ground testing of very large structures is difficult and 
i expensive. Classical frequency separation criteria impose unnecessarily 
severe structural dynamic requirements. 

TECHNICAL OBJECTIVES 

Development of an in-flight dynamic mode identification technique in order 
to reduce tolerances of structural dynamic parameters. These data will 
permit adaptive readjustment of the controller to achieve higher stability/ 
performance and/or reduction in structural bending stiffness and frequency 
requirements . 

TASK DESCRIPTIONS 

(1) Develop methodology. 

(2) Synthesize adaptive approach for space platform application. 

(3) Simulate system and evaluate sensitivity to "real world" errors. 

(4) Formulate new criteria for structural dynamic design requirements. 

(5) Verify in-flight dynamic mode identification technique by ground 
testing representative structure and utilities. 
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JUSTIFICATION : 

Separate (male) fittings will weigh more (and require more volume) than a 
fitting which is integral with the structural member. Packaging efficiency 
of the deployable platform may be degraded. 

TECHNICAL OBJECTIVES : 

Develop a technique for producing lightweight, high-strength member (male) 
fittings as an integral part (extension) of the structural compression 
membe r . 

TASK DESCRIPTIONS : 

1. Manufacture several member (male) fittings by a layup technique, 
transitioning from a circular (tube) member to a flat tongue. 
Consider the addition of different fibers in the male fitting, 
as well as metal inserts for the clevis pin hole. 

2. Laboratory test program to evaluate compression/tension limits 
and bearing stress limits. Select the manufacturing methods and 
materials which best meet the desired characteristics. 

3. Develop a process specification to be used to produce integral 
* (male) member fittings. 
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NEW TECHNOLOGY NEED 


TASK TITLE: INSULATED FLEXIBLE LINES 


Justification 

Insulated fluid lines, currently on the market, are not flexible enough 
to bend to a small radius. Those designs available which will bend to 
a small radius are quite bulky and require too much room when stowed 
in a deployable structure. 

Technical Objective 

Develop a new concept for insulated flexible lines. 


Task Description 

Design and develop a new concept for an insulated flexible line which is 
not bulky and will permit bending to a small radius. 
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JUSTIFICATION : 

The only high-strength tension member which is quite flexible and currentl 
available is stranded wire cable. Wire cable, however, has a substantial! 
higher coefficient of thermal expansion compared to the anticipated 
composite structure. Net result would be a loss of tension in sunlight 
and excessive tension in the earth's shadow. The structure's shape, 
pointing accuracy, and load-carrying capacity would be severely degraded. 

TECHNICAL OBJECTIVES : 

Develop a high-strength tension member which will bend to a small radius, 
have an extremely small coefficient of thermal expansion, and not 
degrade in the space environment. 

TASK DESCRIPTIONS : 

Laboratory test program to determine the best composite material (such as 
P100S graphite fibers, imbedded in an elastomeric matrix material) which 
will bend to a small radius, have an extremely small coefficient of 
thermal expansion, and will not degrade in a space environment. 
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4. CONCEPT SELECTION 


Thin section describes tbs process used to select the most suitable concept 
from the o' 1 ght candidate building block designs, described in Section 1. This 
process identified Conoepts 6 (Figure 1.4-17) and 8 (Figure 1.4-20) as 
together being the designs that best satisfy the major criteria tabulated in 
Table 4.1-1. The major reasons for identification of Concepts 6 and 8 are 
enumerated as follows: 

o The open-square shape of Concept 8 has the best growth potential for 
utilities and can accommodate (in trays) up to twice the adopted 
study requirements (increased utilities requirements are typical 
with program maturity). 

o For significantly reduced utilities requirements (mountable on 

longerons) Concept 6 is adequate and is a simpler structural design 
than Concept 8. 

o The two designs together can satisfy the LEO/ GEO platform 

requirements with common concepts of housing, adapter, deployment 
mechanization and building- block to building-block attachment 
designs. 

o Redundancy for meteoroid impact survival (if necessary) is available. 

o The square housing is most suitable for mounting of payloads, 
subsystems, propulsion modules, and mounting ports. 

o The square housing is most amenable to support in the orblter cargo 
bay. 

The identification of Concepts 6 and 8 was accomplished through review of 
summary tables (4.10-1 through 4.10-5). These tables encompass the major 
criteria of Table 4.1-1. 

At the conclusion of this selection process, the best features of Concepts 6 
and 8 were configured into a new concept called 6A, (Figure 4*11-2). Concept 
6A is the same design as Concept 6 except the longerons are folded at 30* 
rather than 45* (Drawing 42712-29, Volume IX), clearing the center of the 
square frame for installation of utility trays such as are shown for Concept 8 
(Drawing 42712-025, Volume II). The overall features of thj s design are 
summarized as follows: 

o Building- block approach for automatic deployment of platform systems. 

o The square-shaped truss is moot suitable for inter- building- block 
attachments; mounting of payloads, docking ports, propulsion 
modules, etc. 

o Circular tubes for all truss members provide minimum cost 
construction with use of graphite composite construction. 
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o Trays for mounting of adopted complemant of utilltioa provide ease 
of initial installation, repair, and replacement during total ground 
fabrication period with minimum truaa structural design constraints 
imposed by utilities integration 

o Small complements of utilities can be mounted directly onto the 
longerons (design reduces to Concept 6). 

o Square-shaped housing with reciprocating deployment mechanism 

o Bay-by-bay deployment to facilitate identification of deployment 
problem ( in the event this occurs) . 

o Rail system for root strength during deployment permits orbiter 
berthing and orbiter VRCS firing, if necessary. 

o Adapters for mounting of payloads with automatic electrical 
connector interface. 

o Payloads and propulsion modules attached using RMS. 

Further detail concerning the selection process la provided in the remainder 
of this section. 
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4.1 MAJOR CRITERIA 

Th» criteria used In tha ac 'action ara listed in Table 4.1-1. Many other 
criteria were included and then rejected, aince there waa no difference among 
the concepts insofar aa these criteria are concerned. For example, one early 
criterion was the ability to deploy in a straight line. All of the concepts 
have this characteristic, hence that particular criterion was eliminated. 

An explanation of each criterion together with the approach to grading the 
concepts is provided in Sections 4.3 through 4.9. 

Table 4.1-1. Major Criteria Used in 
the Selection Process 

1. DESIGN VERSATILITY (WITH DISTINCTIONS BETWEEN LEO AND GEO) 

OF STRUCTURAL CONCEPT 

• Accommodation of adoptad power and data utlllclaa raquiramants 

• Accommodation of raducad powar and data utilities raquiramants 

• Accoaoodatlon of fluid utilltiaa: Two 2-ca lines (or equivalent) 

• Satisfaction of adoptad atrangth and etlffneaa requirements 

• Satisfaction of atrangth and atlffnaaa raquiramants that are each 
1/10 of the adoptad values 

• Satiafactlon of tha adopted atrangth raquiremant and 10 timas 
tha adopted stiffness requirement 

• Platform construction 

• Accomodation of aluminum and graphite composite materials 

2. COST OF TOTAL BUILDING BLOCK IN GENERIC PLATFORM 

• Launch cost 

• Fabrication cost 

• Orbit transfer to CEO 

• Technology development differencial (negligible) 

3. THERMAL STABILITY OF STRUCTURAL CONCEPT 


. METEOROID IMPACT SUITABILITY OF STRUCTURAL CONCEPT 


5. RELIABILITY OF DEPLOYMENT 

(BUILDING BLOCK) 

• Basic truss structure 

• Docking port structure 

• Housing 

• Mstsrlsls variation 

• Adapter 

• Mechanization 


. PREDICTABILITY OP PERFORMANCE OP STRUCTURAL CONCEPT 


I 


. INTEGRATION SUITABILITY OF BUILDING BLOCK 
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4.2 METHODOLOGY 

The eight concepts are graded b y an allocation of points. Points are 
allocated to the conoepta in two ways: 


o Qualitative data are converted to points Judgmentally. 


o Quantitative data are converted to points using a linear system as 
shown in Figure 4.2-1. Regarding the llna narked "baseline 
evaluation" the nost desirable concept la awarded 100£ points and 
the least desirable concept is awarded 50 % points. The other 
concepts are graded on a linear basis between the two extremes. 
This aethod was used for all the tables shown up to and including 
Tables 4.10-1 and -2. 
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Figure 4,2-1. Point Evaluation Methodology 


Another approach is shown on Figure 4.2-1, but uses the line marked 
"sensitivity study". The only difference is that zero % points are awarded to 
the least desirable concept instead of 50 %» This method was used in compiling 
summary tables (4.10-3 and -4). Both the "baseline study" and the 
"sensitivity study" are Incorporated into this selection process. 

There is only one important distinction between LEO and GEO in terms of 
concept selection, and that is mass. Other differences between LEO and GEO 
are listed below, but do not affect concept selection: 

t 

o Transfer to GEO introduced a somewhat higher loading regime, but not 
sufficient for distinction in trade 

o No significant differences observed in flexural and torsional 
stiffness requirements 
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o No differences (significant to concept selection) observed in 

- Utilities requirements (function of payloads) 

- Meteoroid environment 

- Thermal environment 

- Servicing and maintenance 

4.3 DESIGN VERSATILITY OP STRUCTURAL CONCEPT 


The grading of the eight buiding-block concepts for this criterion is shown on 

seven tables: 

o Table 4.3-1 - Electrical Accomodations (GEO) 

o Table 4.3-2 - Electrical Accomodations (LEO) 

o Table 4.3-3 - Pluid Utilities Accommodations (LEO and GEO) 

o Table 4.3-4 - Structural Materials Variation (LEO and GEO) 

o Table 4.3-5 - Strength A Stiffness Accommodations (GEO) 

o Table 4.3-6 - Strength A Stiffness Accommodations (LEO) 

o Table 4.3-7 - Platform Construction (LEO and GEO) 

The following notes are intended to explain the rationale behind the grading 
and points alloc* ,ion of Tahlea 4.3-1 through 4-3-7. 


Por Tables ^.3-1 through 4.3-3: 

o Mass implications apply to the mass of trays, clips, and shoes, 
etc., necessary to support utilities. 

o The high electrical requirement is the baseline adopted requirement. 

o The low electrical requirement consists of eight No. 4 lines and l/9 
the complement of adopted data lines. 

o The values assigned are baaed on accommodation of utilities by the 
utilities installation designs tabulated as follows: 


CONCEPT 

LOW REQUIREMENT 

HIGH REQUIREMENT 

FLUIOS 

1 

TRAYS 

TRAYS 

TRAYS 

2 

TRAYS 

TRAYS 

LOOPS 

3 

COILED 

COILED 

LOOPS 

4 

LONGERONS 

LOOPS 

LOOPS 

5 

TRAYS 

TRAYS 

TRAYS 

6 

LONGERONS 

LOOPS 

LOOPS 

7 

TRAYS 

TRAYS 

TRAYS 

8 

TRAYS 

TRAYS 

TRAYS 
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Tables 4.3-1 and 4.3-2 address the comparative capability of the designs to 
accommodate the electrical utilities, respectively, for GEO and LEO 
applications. The following clarification of the evaluation parameters is 
presented i 

o Reliability for Space Deployment 

This parameter addresses the likelihood of successfully moving the 
electrical lines from the stowed to the deployed position. 

Retraction is not a factor. Lines which are mounted on trays or on 
the longerons are thought to be the most reliable. Looped lines are 
similarly reliable for small quantities of lines, but slightly leas 
reliable for large bundles. Coiled lines are Judged to be the least 
reliable. 

o Base of Ground Deployment and Checkout 

This section addresses the ease/difficulty of extending and 
retracting the electrical utilities several times in a 1-g 
environment. Rectors included in the assessment are accessibility 
and the necessity for manual resetting of the lines for retraction. 


Table 4.3-1. Electrical Accommodations (GEO) 
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Table 4.3-2. Electrical Accommodations (LEO) 
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o Suitability to Launch Environment 

This parameter subjectively accounts for the degree of support 
provided to the utilities during launch by the utilities 
installation systems (longerons, trays, clips, shoes). Electrical 
utilities mounted on the longerons are best, with trays seaond, and 
the remaining concepts last. The points allocated are a judgmental 
estimate of the relative difference between the designs. 

o Mass Implication 

This parameter quantitatively accounts for the GEO transfer coat 
implication of the utilities support system mass. The masses shown 
represent the delta mass above that of the minimum value. 
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Table 4.3-3 compares the comparative capability of the designs to accommodate 
the fluid utilities. The following clarification of the evaluation parametera 
la presented. 

o Minimum Bend Radius 

A large ’>end radiua in the fluid lines is Judged to be better than a 
small bend radius. A small bend radius has higher stress and takes 
more foroe to fold. 

o The notes for Tables 4.3-1 and 4.3-2 apply to the other parametera 
shown. 


Table 4.3~3. Fluid Utilities Accommodation 
(LEO and GEO) 
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Table 4*3-4 compares the versatility of the candidate structural deoignfl to 
use either aluminum or composite materials (graphite epoxy or metal matrix). 
The Judgemental evaluation is based upon the degree of static determinacy oi 
the structure. The maximum points are assigned to statically determinate 
structures. A pure statically determinate structure can experience thermal 
gradients between members with no loads incurred and no resistance to closure 
Just prior to locking at the end of the deployment phase. 
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Table 4.3-4. Structural Materials 
Variation (LEO and GEO) 
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Tables 4.3-5 and 4.3-6 compare, for GEO and LEO platforma, respectively, the 
candidate concept trusses accommodation of varied strength and stiffness 
requirements. The three ranges of strength and stiffness requirements are 
defined in Table 4.1-1, (Major Criteria used in the Selection Process). The 
accommodation of strength and stiffness is described by packaging efficiency 
and structure mass; hence, these parameters are the basis for this 
assessment. Clarification of each of the parameters is as follows: 

o Packaging Efficiency 

The packaging efficiency is the ratio of deployed length to stowed 
length. This is a quantitative evaluation with linear distribution 
of points between the maximum and minimum values. Consideration was 
devoted to use of a volumetric efficiency term. The linear 
efficiency is used because the study of packaging (Section 1.4*3) 
the concepts indicates that it is the most significant factor. 

o Mass Implication 

This parameter represents the estimated weight difference between 
the concepts as used in the generic platform. A detailed breakdown 
of the designs for the adopted strength and stiffness requirements 
is presented in Table 1.4-3. The concern here is the implication on 
GEO transfer cost. 
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Table 4.3-5. Strength and Stiffness Accommodation (GEO/ 
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Table 4.3-6. Strength and Stiffness Accommodation (LEO) 
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Table 4.3~7 compares the candidate concepts' building- block platform 
construction versatility. The following discussion clarifies the comparison 
parameters. 


Table 4.3-7. Platform Construction (LEO and GEO) 
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o Base of Joining Building-Blocks 

This section ranks the ease and versatility of joining building blocks 
together to form platforms of many configurations. Building blocks are joined 
to each other or to other modules via the main housing or adapter. Rigid 
square housings/adapters are the best, followed by rigid triangular shapes? 
Expanding triangular shapes, such as Concepts 5 and 7, pose difficulties 
because of the change in dimension of the housings/adapters. Concept 3 
offers the most difficulty because of the flat shape of the housing/ 
adapter, and because only two of the longerons are tied into the main 
housing. The other two longerons must be tied into another structure 
(subsequent to truss deployment) to maintain structural integrity. 

o Best Accommodation of Payloads <;nd Docking 

Pa^loads/docking accommodations are provided by the main housings and the 
adapters. Adapters which do not change shape are judged superior to those 
which expand (Concepts 5 and 7) or to those which unfold (Concept 3). Ri^ld 
square main housings are best for mounting interfaces, closely followed by 
rigid triangular housings. Concepts 5 and 7 have expanding triangular 
housings which pose obvious difficulties. The mounting of an interface on the 
main housing of Concept 3 requires a deployable substructure. 
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o Minimum Design Constraints — Rail Deployment 

The length of the deployment/guide rails poses some design 
constraints. If the rail is to be folded for stowing, a longer rail 
may require multiple folds. If the rail is to be moved into 
operating position subsequent to a partial deployment of the 
truss/payload, a longer rail requires a longer "partial deployment 
which in turn implies a longer 'partial deployment mechanism". 
Finally, if a fixed rail system is to be used, a longer rail implies 
that more of the orbiter payload bay is required for stowage. 

4.4 COSTS FOR GENERIC PLATFORM (LEO AHD GEO) 

The grading of the eight building- block concepts is shown on Table 4.4-1. 
Additional information is provided on Tables 1.4-4, and 1.4-5 

The following notes are intended to explain the rationale behind the grading, 
points allocation of Tables 4.4-1. 

Table 4.4-1 presents the comparative costs determined for the candidate 
concepts as used in the generic platform and sized for the adopted 
strength/stiffness requirements and adopted complement of utilities. The 


Table 4.4-1 . Costs for Generic Platform (LEO and GEO) 


c 

0 

N 

C 

E 

P 

T 

L LAUNCH COST (D 

A EAB. 
COST 

(S"> 

TOTAL 
A COST 
FOA LEO 

(SH) 

EOUIV. 

POINTS 

FOP 

A COST 
FOP LEO 

4 OTV COST FOA 
GEO TAANSFCA <2 

EQU1V. 

POINTS 

FOP 

A COST 
FOP CIO 

A PNG. 
LENGTH 
(HE TEAS) 

A 

(SM> 

A 

HASS 

A 

<$H) 

HAX PTS 
20 

MAX PTS 
20 

1 

2. 25 

5.9 

t.5 

7. » 

1 1 

1 . 1 

9.7 

12 

2 

1 . 5 

3.9 

... 

•1 . 3 

8.2 

10 

1 . 3 

11 . 5 

10 

3 

2.3 

6.0 

0.3 

6 . 3 

12 

0.0 

0.0 

20 

4 

0.75 

1.8 

0.5 

2.3 

17 

o. ; 

6.2 

14 

5 

0.0 

0.0 

0.0 

0.0 

20 

0.0 

0.0 

20 

8 

2. 1 

5.5 

2.3 

7.8 

11 

1 .0 

8.6 

12 

7 

0.0 

0.0 

' 

1 . 3 

1 . 3 

IB 

1 . 3 

11.5 

10 

B 

1.5 

3.9 

3.0 

6 .S 

12 

1 .2 

10.6 

1 1 


MOTES : 

(1) BASED ON S2.6M PE* NETEA OF PACKAGED LENGTH 

® BASED ON $S.«K PEA KG 


Jt 
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difference in packaged lengths ia determined from the packaging arrangements 
shown in Section 1.4. 3* The recurring fabrication costs are extracted from 
Table 1.4-5. The use of the unit Shuttle launch cost of $2.6M/meter is cased 
upon a FY 1981 launch cost of $48M divided by the 18.3 m bay length. A 
significant reservation on the use of this value is that for a dedicated 
mission the $48M cost is incurred regardless of the length of the bay actually 
used . 

The differences in platform mass are obtained from the data shown on Table 
1.4-4. A significant reservation pertaining to the OTV transfer costs is that 
it is representative of only the adopted strength/stiffness requirements and 
for the generic platform- For this reason, and the reservations noted above, 
the point allotment of the cost criteria on the final summation charts is no 
more than 40. Further, the maximum cost differences shown are very small 
compared to the total system cost. 

4.5 THERMAL STABILITY 0? STRUCTURAL CONCEPT 

The grading of the eight concepts for thermal stability ia shown in Table 
4-5-1. This table is a summary of the thermal data shown on Table 1.4-2. 


Table 4.5-1. Thermal Stability of Structural Concept 


MHi 

H 

DIAGONAL 

PRESENT 

LONGERON 

TEMr. Cc> 

Ml 1 — 1 

FIGURE OF 



IHsH 

SUN SIDE 

SHADE SIDE 

Ksm 

MERIT, d/(ATl 

POINTS 

i 

1.6 

YES 

21.6 




1 1 

2 

1.3 

YES 

NO 

20.7 

24.0 

-11.6 

4.8 



12 

3 

3.0 

NO 

24.0 

2 .7 

21,3 

0.140 

20 

4 

1.7 

YES 

21.7 

-7.4 

29.1 


12 

5 

2.S 

YES 

(TENSION 

STRAP) 

23.8 

-36.0 

59.8 


11 

6 

1.3 

YES 

22.5 

-22.6 

45.1 

0.029 

10 

7 

2.5 

YES 

23.6 

-56.7 

80.3 

C.03I 


8 

1.3 

YES 

22.5 

-17.5 

40.0 

0.G31 

10 


4.6 METEOROID IMPACT SUITABILITY OF STRUCTURAL CONCEPT 

This section discusses the issue of potential meteoroid impact and structural 
survival- The data in Table 4-6-1 were derived using the meteoroid model 
stipulated in Reference 6. The modol is sufficiently accurate for the GEO 
environment . Man-made debris was less critical (Reference 15), 

The size of the meteoroid particles and associated probabilities are shown for 
two sizes of platform and for a 10-year exposure. The projected area applies 
to the totality of truss members. Little to no recent Information exists 
pertinent to the size of holes resulting from the meteoroid strike, 
particularly for graphite composites. From discussions with Materials 
personnel and reviews of meteoroid impact damage (Reference 7), it is esti- 
mated that the hole size may be 2 to 4 times the diameter of the particle. 
Considering the low levels of stress and low number of cycles associated 
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with RCS systems, and the negligible impact of the hole on local or Euler 
stability, it is likely that the structural damage will be acceptable. 
However, since this needs to be verified, redundancy in the structural 
design is an advantage; hence the grading of the eight concepts is based 
on that consideration and is shown in Table 4. 6-2. 


Table 4.6-1. Probability of Meteoroid Damage 


GENERIC PLATFORM (220 »*) | 

probability 



OF HIT IN 

METEOROID 

potential 

10 YR 

DIAMETER 

HOLE DIA. 

(*) 

(cm) 

(cm) 

1 

0.60 

1-1/4 TO 2-1/2 

2 

0.40 

1 TO 2 

5 

O' 38 

J/4 TO 1-1/2 




! smaller PLATFORM (70 

m 2 ) 

probability 



OF HIT IK 

METEOROID 

POTENTIAL 

10 YR 

DIAMETER 

HOLE DIA. 

(X) 

(cm) 

(cm) 

1 

Mtm 

3/4 TO 1-1/2 

2 


3/4 TO 1-1/2 

5 

■■ 

1/2 TO 1-1/4 


Table 4.6-2. Meteoroid Impact Suitability 


— — 

METEOROID IMPACT 
SUITABILITY— 20 POINTS 

CONCEPT 

RANK 

POINTS 

1 

5 

10 

2 

4 

16 

3 

1 

20 

4 

5 

10 

5 

5 

to 

6 

1 

20 

7 

5 

10 

8 

1 

20 
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4.7 RELIABILITY 0? DEPLOYMENT 0? BUILDING BLOCK 

This section compares the candidate building-blocks for reliability of 
deployment based on the parameters which are explained in detail below. The 
grading of the eight concepts is listed in Table 4.7-1. 

o Basic Truss Based on Number of Joints. 

This evaluation is based on the number of joints in the length of truss 
required to build the generic platform. The joints included are sliding 
joints in diagonals and battens, and folding/ rotating joints in the longerons 
and pyramidal members. There is an inverse linear relationship between the 
number of Joints and the number of points awarded. Table 4.7-2 describee in 
detail the numbers of Joints for each of the eight concepts. 

o Basic Truss Based on Complexity. 

This is an assessment based on the type of Joints/ movements used in deploying 
the basic truss structure. Sliding joints in diagonals are judged to be more 
complex than folding joints. The I-section sliding battens of Concepts 5 and 
7 are Judged to be the most complex. 


Table 4.7-1. Reliability of Building-Block Deployment 


c 

0 

N 

c 

£ 

P 

T 

SASIC TRUSS 
BASED ON 
ho nets of 
JOINTS 

SASIC T8USS 
SASED ON 
COMPLEXITY 

THERMAL 
EFFECTS — 
GRAPHITE 
COMPOSITE 
TRUSS 

thermal 

EFFECTS — 
ALUMINUM 
TRUSS 

HOUSING 

STRUCTURE 

11 

'TEA 

CTURE 

DOCKING 

PORT 

SUPPORT 

STRUCTURE 
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US 

PTS 

RANK 

PTS 

RMK 

PTS 

MMK 

PTS 

RANK 1 

PTS 

RSMK 

PTS 


PTS 

HA* POINTS 
10 . 

HA* POINTS 
10 

MAX POINTS 
15 

HAX P 

DINTS 

5 

HAX P 

2( 

DINTS 

> 

HAX P 

2( 

DINTS 

HAX P 

1C 

31MTS 

HAX POINTS 

90 

1 

848 


2 

8 

* 

15 

i 

5 

i 

20 

B 

20 

n 

10 

87 

2 

1350 

o> 

2 

B 

B 

12 

8 

4 

i 

20 

B 

mi 

B 

10 

82 

3 

1368 

8 

1 

10 

a 

12 

7 J 


n 

20 

8 

12 

8 

4 

60 

4 

1242 

8 

2 

8 

i 

15 

B 


B 

20 

1 

20 

1 

10 

88 

5 

732 

10 

6 

5 

7 

m 

B 



9 

6 

16 

6 

8 

80 

6 

1680 

7 

2 

8 

1 

15 

l 

B 


20 

1 

20 

1 

10 

85 

7 

1464 

8 

6 

5 

1 

15 

i 

iS 


8 

6 

18 

6 

8 

63 

8 

2208 

5 

8 

5 

1 

15 

i 

Li. 

Ll 

20 

• 1 

20 

1 

10 
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Table 4.7-2. Number of Joints in Basic Structure for Generic Platform 


CONCEPT 

NUMBER 

or 

BAYS 

NUMBER Of 
LONGERON 
FOLDED 
JOINTS 

NUMBER Of 
DIAGONAL 
TELESCOPING 
JOINTS 

NJMBCR OF 
DIAGONAL 
FOLDED 
JOINTS 

NUMBER Of 
BATTEN 
TELESCOPING 
JOINTS 

NUMBER OF 
PYRAMIDAL 
JOINTS 

TOTAL 

JOINTS 

I 

212 

030 

212 

— 

— 



848 

2 

270 

1080 

270 


— 


1390 

3 

114 

496 



— 

— 

012 

1368 

4 

207 

621 

621 

— 


— 

1242 

3 

122 

306 

— 

— 

306 


732 

6 

21B 

830 

830 

— 

— 


I860 

7 

122 

306 

306 

732 

360 

_ 

1464 

a 

184 

1472 

730 

— 



— 

2208 


HOTCJ: COUNT DOCS NOT INCLUDE SASIC CLCVIS JOINTS ICCAUSC TWIT AAC S I ON I f I CANTLY LISS COMPLEX 

THAN FOLDING AHO TELESCOPING JOINTS. TNI NUMBERS AAC BASED ON APPROXIMATELY JAO METERS 
Of TRUSS, WIICH IS THC LENGTH ACQUIRED TO BUILD THE GENERIC PLATFORM. 


o Thermal Effects, Graphite Composite Truss or Aluminum Truss 

These parameters account for the reduced reliability of deployment inherent in 
the structures that are indeterminate for the materials shown. The values are 
judgmental between the maximums and minimum shown. 

o Housing Structure 

Concepts 1, 2, 3, 4, 6, and 8 are ranked equal because they are rigid with no 
mechanisms required. Concepts 5 and 7 are ranked last, because they require 
a mechanism for lateral extension. 

o Adapter Structure 

Concept! 1, 2, 4, 6, and 8 are ranked first because they are rigid structures 
which require no mechanisms. Concepts 5 and 7 are judged as having less reli- 
ability because they are expanded by a mechanism. Concept 3 is ranked last 
because it requires a separate mechanism to unfold it. 

o Docking Port Structure 

A docking port interface mounted to a rigid main housing is the most reliable. 
Concepts 5 and 7 have expanding main housings which degrade the reliability of 
the interface. Concept 3 requires a separate substructure to be deployed to 
obtain a docking port interface. This requires additional mechanization, 
which is the reason for its being ranked 8th. 
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4.8 PREDICTABILITY OP PERFORMANCE OP STRUCTURAL CONCEPTS 

The grading for the eight concepts is listed in Table 4.8-1. 

The features of the eight structural concepts which affect the accurate 
prediction of structural performance ares 

o A determinate structure is better than an indeterminate structure 
for analytical purposes 

*o The difficulty of maintaining the tension in "X" braced structures 
which is essential to performance predictability 

o The disadvantages of designs with offset load paths at the joints 


While NASTRAN analysis and development testing during a program can deal with 
these effects, Table 4.8-1 Judgmentally and qualitatively accounts for these 
additional requirements. 


Table 4.8-1. Predictability of Performance 




COMPOSITE MATERIALS 



ALUMINUM 




c 

0 

N 

C 

PREDICTION 

or 

INTERNAL 

LOADS 

PREDICTION 

or 

effective 

STIFFNESS 


PREDICTION 

OF 
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PREDICTION 

OF 
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STIFFNESS 

. 
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E 
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POINTS 
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POINTS 

RANK 

POINTS 
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MATERIALS 

T 

HAX POINTS 

10 

MAX POINTS 
10 

MAI PTS 

20 

MAX POINTS 

10 

HAX POINTS 

10 

HAX PTS 
20 


i 

1 

10 

1 

10 

20 

1 

10 

1 

10 

20 

40 
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9 
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14 

8 

9 

7 

5 

14 

28 

3 

8 

3 

1 

10 

16 

7 

4 

1 

10 

14 

30 

4 

1 

10 

1 

10 

20 

1 

10 

1 

10 

20 

40 

3 

6 

0 

7 

a 

14 

8 

4 • 

3 

2 

6 

20 

3 

l 
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1 

10 

20 

1 

10 

1 

10 

20 

40 

7 

1 

10 

l 

10 

20 

l 

10 

1 

10 

20 

40 

8 

1 

10 

1 

10 

20 

1 

6 

■ 1 

10 

16 

38 
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4.9 ORBITER INTEGRATION SUITABILITY 


Th±a section compares tha candidate designs in regard to their orbiter 
integration suitability. 


The grading of the eight concepts is shown on Table 4.9-1. 


Table 4.9-1. Orbiter Integration Suitability 
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10 
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10 
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10 
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10 

a 
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1 

10 

0.9 
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3 

a 

7 

9 

48 

2 

l 

10 

8 

8 
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10 

1 .4 

7 

9 

7 

4 

7 
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3 

a 

3 

4 

7 
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2.3 

9 

8 

0 

1 

10 

41 
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l 

10 

3 

8 

1 

10 

1.0 

a 

3 

a 

7 

9 

49 

9 

i 

10 

1 

10 

6 

8 

0 

10 

1 

10 

2 

a 

50 

8 

1 

10 

8 

8 

1 

10 

1.8 

8 

9 

7 

4 

7 

40 

7 

l 

10 

1 

10 

0 

8 

0 

10 

1 

10 

2 

8 

98 

8 

l 

10 

5 

6 



1 

10 

1.4 

7 

5 

7 

4 

7 

47 


NOTES; d) APPLICABLE TO GENERIC PLATFORM 

<2 APPLICABLE TO PLATFORM i HALLER THAN SCNERIC 
2 BASIC BUILDING BLOCK CONCEPT 


A discussion of each of the design parameters, listed above, is as follows: 

o Housing Launch Environment Suitability 

This parameter judgmentally accounts for the relative capability of the 
candidate housing designs to sustain the launch/inertia induced loads and also 
to provide (in conjunction with the cradle structure) a minimum natural 
frequency above that of the orbiter (say, 10 Hz). 

o Ease of Packaging into Orbiter (Generic Platforms) 

The rankings of this section are baaed on the studies and drawings made for 
the generic platform only. Factors which Influence the package are: 

o Packaging ratio • oxpanded length 0 f a truss 

stowed length 

o The shape of the truss section 
o The size of the truss section 
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Concepts 5 and 7 gain first due to their high packaging ratio. 
Triangular-shaped trusses generally fit together in a circle (such aa the 
orbiter payload bay) better than square-shaped trusses. If the packaging can 
be arranged so that the building blocks fit across the payload bay instead of 
along the longitudinal axis, it is an advantage. This is reflected in the 
ranking of Concept 3. 

o Ease of Packaging into Orbiter (Smaller than Generic) 

So drawings of packaging "smaller than generic” platforms into the orbiter 
were made. As the platforms become smaller, so does the differential between 
them, until the point is reached for very small platforms when there is 
generally little significant advantage or one concept ovei another. It is 
judged that small platforms can probably be packaged across the width rf the 
payload bay. Concepts 5 and 7 are ranked slightly lower because of the n«jd 
for clearance around the expanding main housings. 

o Cradle Structure Delta Weight. 

This quantitative asaeeament describes the delta weight additional to each 
concept as packaged in the orbiter. The delta weight represents cradle 
structure, trunnions and, where required, reinforcement of the housing 
structure. No distinction is made between LEO and GEO designs at this stage 
of the investigation* 

0 Complexity of Configuration- — Packaged to Deployed 

This evaluation addresses the difficulty and complexity of moving the building 
blocks from the packaged configuration to the final deployed configurations. 
For each concept, a count was made of the number of mechanisms/movementa 
required to unlock, rotate, relock each building- block housing and adapter, 
and the unfolding of the dep loyment /guide rails. The concept with the least 
number of mechanisms /movements , etc., was awarded first place with the other 
concepts graded accordingly. This assessment is applicable only to the 
generic platform. 

o Spare Volume 

In the length of the orbiter payload bay which is occupied by the packaged 
generic platform, a certain percentage of the volume ia available for other 
purposes. The concept with the maximum space is awarded first place, and the 
other concepts are ranked accordingly. This assessment applies only to the 
generic platform. 
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4.10 SUMMARY OP POINTS AND GRADING 


The results of the points allocation and grading of Sections 4.3 through 4.9 
ara presented in five tables: 

o Table 4.10-1, Total of Normalized Points (LEO) 

o Table 4.10-2, Total of Normalized Points (GEO) 

-o Table 4.10-3, Total of Normalized Points (LEO)-Sensitivity Trade 

o Table 4.10-4, Total of Normalized Points (GEO)-Senaiti vlty Trade 

o Table 4.10-5, Summary of Points (LEO and GEO) 


Table 4.10-1 (LEO) presents the total points in each of the seven major 
selection criteria for each building- block concept. The point values shown 
for each concept are obtained from the total point value determined in the 
individual preceding criteria sheets multiplied by the appropriate factor 
to be compatible with the maximum point allocations shown on this chart for 
each criterion. Por example, for Concept 1, the total points for "Reliability 
of Building-Block Deployment" (obtained from Table 4.7-1) is 37 out of a total 
possible 90 points. The 97 points shown on Table 4-10-1 is obtained by 100/90 
x 87 ■ 96.66 or 97- The "Design Versatility" criterion includes the points 
obtained from Tables 4.3-2, 4.3-3. 4.3-4, 4.3^6 and 4.3-7, normalized in the 
same manner as shown above. 


Table 4.10-1. Total of Normalized Points (LEO) 
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(6) 
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The assignment of maximum points of 100 to "design versatility" and 
"reliability" represents the greater importance of these criteria, fhe 
rational# for reduced emphasis on cost is discussed in Section 4.4. It is 
important to note that this generic requirements point allocation would be 
different for a very specific mission, depending on constraints, for example, 
suppose the available orbiter length is a constraint, or suppose subsequent 
teat data indicate meteoroid impact to be more critical than expected. These 
parameters and/or criteria take on an increased significance. The total 
points are shown to the right for eaoh concept, with Concepts 8, 6, 2, and 4 
representing the most suitable design for a LEO platform. 

Table 4*10-2 (GEO) is compiled in the same fashion as Table 4.10-1. The table 
indicates Concepts 6, 8, 4. 3, and 2 to be most suitable. 


Table 4.10-2. Total of Normalized Points (GEO) 
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CIRCLED NUMRCRS IN TOTALS COLUMN DEMOTE RANKING . 
/ FOR TOP 3 VALUES IN EACH CATEGORY 


Tables 4.10-3 and 4 describe the corresponding sensitivity data derived as 
described in Section 4.2. The results are summarized in Table 4.10-5- The 
sensitivity study data, however, is not considered on au equal basis with that 
of the baseline. 
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Tabla 4.10- 3. Totai of Normalized Points ( LEO) —Ssnsitl vi ty Trade 
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Table 4.10-4. Total of Normalized Points (CEO) — Sensitivity Trade 
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Table 4.10-5 suomariiee the data obtained from the preceding tables. The 
number of criteria for each concept that are within the top three ia Indicated. 

The major result ie that there is little difference in the total points 
obtained for the top four designs. Hence, the decision between these is 
Judgemental, but based on the Icnowledge gained from the details of the study 
and tabulation of the selection process data. 


Table 4.10-5. Summary ai Points and Grading , 
LEO GEO 
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4.11 CONCEPT SELECTION 

A review of the selection process of Sections 4.1 through 4.10 and Table -4. 10-5 
leads to the following general conclusions: 

o Concept selection between the first four designs is judgmental, but 
based on knowledge obtained f om selection process study. 

c Specific mission rr^txec!. r*qui resi ..'i * wt.' i impose special emphasis 
on particular p« .■ ..^ter.j bt /, oncept selection. 

o No clear concept choice distinction for LEO or GEO application is 
represented by the data. 

o The major difference in concept selection will result from extent of 
payload power and data requirements. 

o No one design is beat on the basis of satisfaction of every 

requirement - improvement toward one requirement almost always 
results in degradation uf another requirement. 

o The thrust of the program for the next 4 years should be to resolve 
the major deaign 4 technology issues pertinent to ueployable 
platform systems. 


4-23 



ORIGINAL PAGE 13 
OF POOR QUALITY 

o The major deBign and technology issues are essentially the same 
acros3 the candidate designs. 

o The open-square shape of Concept 8 has best growth potential for 

-.cilities since it can accommodate in trays up to twice the baseline 
study requirements (increased utilities requirements typical with 
program maturity). 

o For significantly reduced utilities requirements (mountable on 
longerons) , Concept 6 is adequate and is a simpler structural 
design than Concept 8. 

o Concepts 8 and 6 together present the most promising combinations 
of top four designs (Figure 4,11-1). 



Figure 4.11-1. Concepts 6 and 8 


Subsequent to the identification of Concepts 6 and 8 as the two designs best 
suited for LEO/GEO platforms, it became evident that the best features of 
both can be combined into one. This concept, known as 6 a, is shown in 
Figure 4.11-2, and further discussed as follows: 

o Concept 6A is the best utilization of the advantages of Concept 8 
(utilities accommodation) and Concept C (structural simplicity). 

o Conv-sp c. 6A permits full accommodation of the adopted utilities 
requirement with a 0.5-meter-wide iray. The longerons are 
folded at 30°. 

i 

o Concept 6A has an acceptable packaging efficiency of 18 for the 
adopted requirements, and a 1.26-m-deep truss. Increased pack- 
aging efficiency is achievable with increased truss depth and 
reduced loads. 


c 
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o The technology development of Concept 6A Is applicable to a 
family of designs ranging from Concept 6A to Concept 6. 
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figure 4.11-2. Concept 6A 
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5. DEPLOYABLE VOLUME ENCLOSURES 


This section describes several applications of deployable volumes for a 
typical Space Station (Figure 5*0-1) . The three specific applicationa are 
habitat modules, an orbit transfer vehicle (OTV) hangar, and crew transfer 
tunnels. 


SPACE STATION 
CONCEPT 


CREW TRANSFER 
TUNNEL 




OTV 
HANGAR 


Figure 5.0-1. Deplorable Volume Enclosures 


Current designs for Space Station modules typically visualize rigid bodies 
which are approximately the same size as the orbiter payload bay* With the 
advent of deployable volumes there arises the possiblity of launching much 
larger modules without the problems associated with assembly in apace. This 
section examines these possibilities and demonstrates that in many cases they 
are more than just possibilities - they are eminently feasible. 

5 * 1 HABITAT MODULES 

5*1*1 Habitat Requirements 

The requirements for the design of the habitat module are: 
o A life of 10 to 20 years in LEO. 

o Compatiblity with the orbiter for transportation to LEO. 

o Compatiblity with existing designs and concepts for manned space 
stations. 
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o Accommodation of crew of up to 8 for 90 days + 90 daya emergency, 
o Normal pressurization of 14.7 pai ( limit); 8 psi for an emergency, 
o Provision of two separate pressurized compartments, 
o Provision •■vf two routes for ingress/ egress. 

o Automatic deployment to maximum extent feasible, EVA assist if 
advantageous. 

o Incorporation of all the equipment normally associated with habitat 
modules, including life support equipment, command control center etc. 

o Provision of two docking systems. 

o Minimum of one airlock. 

o Exterior mounting of equipment suoh as fuel cells, toxic iteme etc. 
o Radiation protection of 0.50 gram/cm^ (l.O lb/ft^) . 
o Adequate meteoroid protection (discussed subsequently). 

5.1.2 Radiation/Meteoroid Shielding Review 

The suitability of a potential habitat wall design concept (gratuitously 
furnished by Goodyear Aircraft Corp.) for radiation shielding has been eval- 
uated (Figure 5.1-1). The basic 2.5-cm-thick design with a foam density of 
0.032 gm/cc 3 is adequate for precluding skin damage, but not for protection 
of the astronauts' eyes. An additional 0.24 gm/cc 2 needs to be provided by 
either increasing the bladder thickness, foam thickness or density, a combin- 
ation of the foregoing, or other means. The implication on packaging needs 
to be assessed (in subsequent studies). 

The associated probabilities of meteoroid puncture of the inner wall using 
two different foam densities are shown. These data are based upon the 
meteoroid model specified in Reference 6 and the man-made debris model of 
Reference 15. The analyses assume an effective stopping power of 15 for 
the foam, i.e. , the foam is as effective as 15 times the same mass per unit 
area of a sheet of aluminum. This information was obtained from documented 
tests performed by Goodyear, and is consistent with predictions by Rockwell 
researchers . 

The probabilities shown indicate that with development of a leak-detection 
system and repair capability, the inflatable wall design shown can be suitable 
insofar as meteoroid impact Is concerned (propagation of the puncture is not 
expected to occur). 
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FOR PROJECTED AREA OF 100 m 2 
0.016 GM/CM 3 FOAM <2. 5 cm TH I CK) 

• 1% PROBABILITY OF PUNCTURE 
IN 3 DAYS 

cON AVERAGE. ONE PUNCTURE 
EVERY 9 MONTHS TO BE REPAIRED 

0, 032 GM/ CM 3 FOAM (2.5 cm THICK) 

• 1% PROBABILITY OF PUNCTURE IN 


1 DETAIL WEIGHTS OF EXPANDABLE MATERIALS* 

CONSTRUCTION 


• ALUMINUM INNER LAYER 

0.002 

• ADHESIVE 

o.oos 

• PRESSURE BLADDER 

0.080 

• ADHESIVE 

0,008 

• STRUCTURAL UTER 

0.031 

• T AS LAN INTERLOCK I NO LAYER 


AND ADHESIVE 

0.034 

• POLYURETHANE FOAM 

0.080 

• ADHESIVE 

0,008 a 

• OUTER COVER AND COAT I NO 

0.031 / 

TOTAL 


0.263 | 


27 DAYS 

•ON AVERAGE, ONE PUNCTURE IN 
7.5 YEARS TO BE REPAIRED 



’Courtesy of Goodyear Aerospace (for Expandable Airlock Technology Experiment) 


Figure 5.1-1. Habitat Radiation/Meteoroid Implications 
5.1.3 Habitat Design Approach 

A review of the habitat requirements and logistics associated with delivery 
of habitats to LEO resulted in the following design approach. 

o The habitat module should be large as compared to conventional 
modules to significantly offset the reduced cost and higher 
reliability of a conventional design. 

o For habitats with inflatables, use combination of hard (fixed) 
structure and inflatables. 

o Design to accommodate equipment in its correct locations (on 
the hard structure) during Shuttle launch to minimize work/ 
rearrangement or orbit. 

o Separate the c?ev quarters from the equipment not in regular 
use with placement of heavy equipment on hard structure and 
crew quarters ir the deployable structure. 

o Divide the crew quarters into large volumes for communal use 
and into smaller private volumes. 

o Build radiators into the exterior of the hard structure. 

o Provide capability to repair inflatables from the inside. 

o A meteoroid bumper is desirable for inflatables. 
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o Utilize the crew inside the Habitat Module for relocation of minor 
equipment, final stages of deployment such as locking Joints and 
removal of temporary deployment mecnanisms. 

5.1.4 Candidate concepts for Habitat Modulea 

Bight concepts for deployable Habitat Modulea were considered (Figure 5.1-2). 
Three were selected for further atudy (Section 5.1-5). 
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Figure 5.1-2. Candidate Deployable Habitat Module Concepts 


Concept 1 expands axially from a central airlock/docking port and two hard 
decks on which equipment is mounted. The stowed module occupies moat of the 
orbiter bay and the deployed volume is minimal. The inflatable sections are 
supported by light deployable internal structures. 

Concept 2 is a derivative of Concept 1 but has spherical end bulkheads. 

Concept 3 has a rigid central floor which acts also aa a strongback for 
launch. There are two docking ports and an airlock. The two Inflatable 
sections are shown as approximately 4-5 meters in diameter but can be larger. 
They can be subdivided into wardroom, sleeping quarters, etc., as desired- 

Concept . 4 consists of a nearly "standard" rigid habitat module with an 
inflatable torus attached. It has excellent capability for mounting 
equipment, good radiator area and a large inflatable volume for crew 
quarters. The arrangement for airlocks and docking is the same as for 
"standard" rigid habitat modules. 
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Concept 5 in a "standard" rigid habitat module with two deployable hard 
sections. The deployable sectiono can be sealed either by large internal bags 
or by sealing around individual Joints (or both). The volumes available for 
equipment and crew quarters are excellent. This concept has the further 
advantages of all-hard structure, large radiator area, standard docking, and 
no unusual structures. 

Concept 6 consists of Concept 4 with the addition of a hard deployable shell 
which serves as a meteoroid bumper for the habitat module and as an OTV 
hanger. The system ia deployable and is packaged for a single launch. 

Concept 7 is a rigid module with two inflatable sections deployed from it- 
It is somewhat similar to Concept 4 but the deployed volume is probably not 
as useful. 

Concept 8 is a variation of Concept 7, as shown. 

5-1.5 Preferred Concepts 


The three preferred concepts are shown in Figure 5.1-5* The drawings are 
contained in Volume II. These concepts were selected for further investigation 
for the following reasons; 

o Representation of a wide variety of designs 

o A good ratio of deployed volurae/stowed volume is provided 
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Figure 5 . 1 - 3 . Preferred 
Habitat Module Concepts 
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o High growth potential 

o Adequate hard atruoture for mounting equipment 
o Safety (redundant volumea available) 

o The crew quartern can be subdivided into large and email rooms as 
desired 

-o Ho technology development of an unusually difficult nature is required 
5.1.5.1 Habitat Concept 5 

Concept 3 (Figure 5.1-4) consists essentially of an inf latable shell mounted on 
each side of a strongback. The strongback serves as a launch cradle, 

(contains trunnions and keel fitting), a mounting platform for equipment, and 
as a structural support for the airlocks and docking systems. 
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Figure 5 .1-4. Habitat Module (Concept 3) 
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The inflatable sheila are shown as 4*5 meters diameter but they can be 
larger. When stowed for launch, they aro contained behind covers which 
conform to the shape of the orbiter payload bay. The covers are deployed to 
allow the shells to inflate and are then used as radiators. The deployed 
module forma two separate sections for safety/ redundancy, with the strongback 
providing a long central floor. Equipment ia mounted both inside and outside 
of the pressurized volumes. The two docking systems conform to standard 
habitat module practice for design and placement. 

5. 1.5.2 Habitat Concept 4 

This design (Figure 5*1-5) ia a combination of an inflatable section and a 
rigid body. When stowed, the module occupies all of the orbiter payload bay 
with the exception of space for the docking module and the OKS kit. The 
module ia supported in the payload bay by standard trunnions and a keel 
fitting and requires no separate cradle. 

The rigid body ia used mainly for equipment, arranged around a central tunnel 
which runs the length of the module. The outside diameter of the rigid body 
ia used as a radiator for the whole of the Habitat Module. The inflatable 
section is in the form of a torus which surrounds one end of the rigid body. 
The torus provides a large living volume which can be used in many ways. One 
requirement ia probably to divide it into two spaces for safety/ redundancy in 
the event of loss of pressure. It should be noted that there is apace inside 
the rigid body which can be used in an emergency. A docking mechanism is 
provided at one end of the module while at the other end an airlock with a 
docld.ng mechanism is provided. 
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Figure 5.1-5. Habitat Module (Concept 4) 
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This module can be used with or without a hard meteoroid cover over the 
inflatable torus. The cover is folded and atowed around the outeide of the 
collapaed torua. Vhen the torua inflates, the cover unfolds and expands along 
with it. Deployment of the cover ia completed when the panela which form its 
end walls are released and awing into position under the influence of springs. 

The shape and size of the torus can be chosen to suit requirements. It can be 
much larger and it doea not have to be c circular cross section. Tho shape, 
as drawn, is a large circular room ( 10 m diameter) with a column in the 
middle. The oolumn ia a portion of the tunnel which can be used to atow 
equipment for launch. The equipment can be subsequently moved into the torua 
living space. 

5. 1.5. 3 Habitat Concept 5 

When atowed, Concept 5 (figure 5.1*6) resembles a standard habitat module 
(i.e., as currently designed for the Space Station) which is roughly the same 
size and shape as the orbiter payload bay. There are two sections which 
deploy from opposite aides of the module and form the living volumes. They 
are of excellent shape and can be subdivided to provide separate sleeping 
quarters, wardroom, working areas, etc. The whole module divides naturally 
into two spaces for safety/ redundancy. At each end of the module is a large 
airlock and docking mechanism. Some of the space currently allocated for 
airlocks can be directed to stowage of items outside of the, pressurized volume. 
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volume stfwed m m 3 
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Figure 5.1-6. Habitat Module (Concept 5) 



The structure is metallic, including the deployable sections and the close-out 
panels. The whole structure is supported in the orbiter by standard trunnions 
and u keel fitting. Expansion of the deployable sections can be obtained by 
either internal pressure or by mechanical means such as aatromasta or 
screwjacks. Sealing between the deployable and the fixed sections can 
realised either by a large internal pres sure- tight bag and by sealing around 
individual Joints. The area of the module available for use as a radiator is 
unusually large. 

The ability to carry pressure-induced loads across the deployable joints is 
appreciated. These loads may be bending moments is addition to axial loads. 
EVA-installed, moment-carrying fittings are possibly needed with this concept. 

5.2 TUNNELS 

No study effort was devoted to tunnels since examination of Goodyear Aerospace 
Corporation accomplishments indicated ample work has besn done relative to 
this component. The study time was better used in relation to hangars and 
habitata, for vhich no readily applicable effort is available. 

5.3 OTV HANGAR 

5.3.1 OTV Hangar Requirements 

There are few really firm requirements for an OTV hangar beyond the obvious; 
i.e., it must remain in apace for the same duration aa the Space Station and 
it is launched using the orbiter. 

Previous studies have indicated the infeasibility of pressurizing the hanger. 
The problems associated with opening/closing such a large pressurized volume 
are : 

o Sealing the hangar 

o The huge quantities of air lost each time the hangar is opened 

o Or alternatively, the very large power requirements if a pump is 
installed to recover the air before opening the hangar 

The other hangar requirements listed are uncertain. They can be questioned: 

0 Does the OTV require protection against meteoroids? Would it be more 
cost effective to accept a small risk of OTV damage than to build an 
expensive hangar? 

0 If work platforms are required, is it reaso Able to build a hangar for 
that purpose only; or would it be better to design the OTV so that 
astronauts attach themselves directly to its outside sholl, rather 
than to hangar-mounted work platforms? 

However, it was necessary to establish a basis for design studies, hence in 
spite of the lack of maturity in hangar and Space Station definition the 
following requirements were tentatively assumed: 


o The OTVH size shall be suitable for t*’e aervicing/maintenance of an 
OTV . Assume an O'i ' size of 4.3 m diameter x 10 m long as a maximum, 
and work, platform widths up to 2 meters. 

o The OTVH will be unpressurized. 

o The OTVH shall provide for a method of controlling the egress/ingreas 
and stabilization of the OTV. 

o Provisions shall be made for the following equipment: 

o Work platforms 
o Lighting 
o Electric power 
o OTV replacement items 
o OTV refueling 

o Minimum life support system (emergency) 

o The OTVH shall provide radiation and micrometeoroid protection to the 
crew, OTV and equipment. (The end of the hangar pointing to earth is 
not subject to micrometeoroid bombardment and can be left open) 

o Life in LEO for 10-20 years 

o The OTVH shall be compatible with an orbitar launch 
5*3.2 OTV Hangar Design Approach 

There are two basic methods of designing the OTV hangar, i.e., inflatable or 
hard shell. The hard shell is a more conventional approach, and provides a 
firmer base for work platforms (reaction of astronaut loads). Its msjor 
problem is packaging in the orbiter and deploying from it. If the Hangar is 
to be packaged into a small portion of the oritter instead of using the whole 
of the payload bay, the problem of deploying it becomes even more formidable. 

While an inflatable hangar ia relatively easy to deploy, present designs may 
not provide adequate stiffness for the work platforms. There are various 
methods of hardening an inflatable structure auoh as foaming between walls, 
use of a skin material which hardens on exposure to radiation, and an erectile 
shell. In the erectile shell, a film of aluminum is addad over the inflatable 
which ia then pressurized to stress the aluminum past its yield stress. After 
the gas escapes the structure maintains its shape. 

Regardless of which structural concept is used, all af the auxiliary structure 
and equipment are to be built into the assembly and deployed with it. These 
items are the crew work stations, lighting provisions, OTV ingress/egress 
provisions, OTV stabilization provisions, crew ingress/egress provisions, OTV 
refueling, and attachment to space atation. 

An alternative to automatic deployment of the hangar is erection or, more 
likely, a hybrid arrangement. The complications of automation must be 
balanced against the difficulties of EVA erection. If EVA erection is 
considered, it ie better to use a method that requires a minimum of orbiter 
support. 
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5-3.3 Ma taurold Impact Analysis 

Sinoa ona of the purpoaea of a hangar ia to provide protection for the OTV 
against the impact of mlcrometaoriodo, it ia pertinent to examine the 
potential damage to the OTV if an OTV hangar ia not preaent. 

The critical parte of the OTV are the LH 2 and LO 2 tanka which are 
contained inaido an unpreaaurized atruotural ahull aa shown (figure 5.3-1). 
Preaent deaigna (ground-baaed and apace-baaed) utilize a graphite compooito 
faced sandwich conatruction with a 0.035 gm/ca? (2.2 lb/ft^) aluminum 
honeycomb core. A rigid polyurethane foam core ia expected to be atructurally 
adequate for a space-baaed OTV design and providoa superior meteoroid 
shielding capability over that of the honeycomb core. The foam core doea not 
have aufficient ahaar and compreaaion atiffneaa to stabilize the face aheeta 
againat wrinkling during Shuttle launch of a ground-based OTV. 



SPACE-BASES DESIGN CONSTRUCTION 



Figure 5.3-1. OTV Construction 

The Rockwell Space Station studies are pursuing a space-based OTV which will 
be returned to earth after 16 missions (6 to 18 months). The micrometeoroid 
analysis for this design indicates there is a 1% probability the space-based 
OTV tank wall will be punctured in six months, and a 3% probability it will 
be punctured in an 18-month lifetime. This analysis is regarded as conserva- 
tive since most of the tank wall is located a significant distance from the 
outer shell. Furthermore, even if a tank containing LH 2 or LO 2 ia punctured 
by a micrometeoroid there will not be a catastrophic failure. The tank wall 
materials (2219-T87 or 2014-T6) are thin gauges and have a "leak before 
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failure" characteristic cnu’ - precludes explosive decompression. More than 
100 cycles of pressure are required for a crack 0.04 cm deep by 0.38 cm wide 
tn propagate to a through-crack. 

The additional protection of a hangar wall f o " the 0TV ia illustrated in 
Pigure 3.3-2. This figure also shows the cost implications of a hangar versus 
replacement of an 0TV. Clearly, the cost of a conventional hangar cannot be 
justified on the basis of meteoroid protection alone. Only if the ^.oat of 
1 lunching s hangar can be drastically reduced by tight packaging in the 
arbiter or by other means, does the project become reasonable (if meteoroid 
protection is th ■ only significant requirement). 


ADDITION OF HANGAR STRUCTURE 
(WITHOUT FOAM) 
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Figure 5.3-2. OTV Meteoroid Protection /Hangar Cost 


To date the studies of the Space Station have not produced hard requirements 
for an OTV hangar. However, recognizing the possibility that requirements may 
be developed, tho OTV hangar concept development was continued* 
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5.3.4 Candidate Concepts for OTV Hang 'vr 

Seven OTV hangar concepts are presented (Figure 5*3-3). The concepts may be 
classified into three categories, i.e., deployable Hangers, rigid 
nondeployable hangars, and deployable/erectable hangers. 

The four deployable hangar concepts, i.e., Concepts 1, 2, 3 and 7 are 
discussed belov. 

Concept 1 is a rigid shell which packages from a shape which Is essentially 

cylindrical (8.2 m dia.) to a star shape which fits into the orbiter bay. An 

extendable truss which is used for ingress/egrese of the OTV is part of the 

deployable shell. The stowed hangar occupies all of the orbiter payload bay. 

Concept 2 is a rigid shell which consists of four half cylinders stowed in 
the fora of one cylinder inside another. It, too, occupies all of the orbiter 
payload bay when stowed. 

Concept 3 is an inflatable shell which expands from a module which contains 
the interface for docking to the Space Station, and the mechanism/structure 
for OTV ingress/egrese There are various methods which may be used to harden 
or rigidize an inflatable structure which otherwise might be too soft for a 
working interface. The stowed hangar occupies approximately 1/4 of the 
orbiter payload bay. 



Figure 5 . ',-3. OTV Hangar Concepts 
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Concept 7 is similar to Concept 1 except that it has a double fold (i.e., 
longitudinal as well as lateral) which enablea it to occupy only a short 
length of tho orbiter paylcad bay. (This concept is, subsequently, discussed 
in greater detail.) 

Concept 4 is a rigid nondeployable hangar in the shape of a olaj'-aholl which 
fits closely around the OTV. The OTV is launch ;d in the orbiter inside the 
hangar, and exits from the hangar by means of an extending truss. Normal 
ser<ricing/fueling of the OTV ia performed through the aft end of the Space 
Station whiah is doclced to the OTV. Access to other areas of the OTV is by 
doors and foot holds strategically located in tha shell of the Hangar. 

Concept 5 is a deployable/erectable system built out of tho orbiter. A 
deployable section with an interface for the Space Station is raised 
incrementally by an extendable truss wnich also rotates about its major axis. 
There ia an EVA astronaut work station in the orbiter bey with storage for a 
number of rigid panels which are attached manually to build up the hangar as 
it rotates and raisss. 

Concept 6 is similar to Concept 5 except that the hangar is constructed 
from the Space Station instead of from the orbiter. For both Concepts 5 and 
6, it is estimated that approximately i/3 of the orbiter bay is used for 
stowage. 

None of these concepts represents design that Rockwell favors. In an 
additional study effort superior configurations can be developed. However, to 
provide further understanding of the design problems to be encountered, three 
of the foregoing concepts are discussed in further detail in the next section. 
(The. drawings are provided in Volume II). 

5.3.4. 1 Hangar Concept 1 

This concept (Figure 5*3-4) is a hard shell structure which folds laterally 
for stowage. When folded it occupies all of the orbiter payload bay. The 
operational sequence is: 

o Use the RMS to remove the hangar from the orbiter 

o Attach to the Space Station using the docking interface 

o Unfold the panels of the main structure using the actuators built into 
the hargar 

o The working platforms on the insido wall of the hangar may be deployed 
either by springs or by actuators 

The extendable/retractable astroaast is used for ingress/egresa of the OTV, 
for which purpose it is equipped with a docking mechanism tc interface with 
the OTV. Lighting power outlets and similar items may M built into the wall 
of the hangar. 
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Figure 5.3-4. OTV Hangar (Concept 1) 



Although the basic deployment is automatic, it ia quite poaaible that EVA 
astronauts could profitably be used to lock the wall panels together for 
increased structural integrity, to inotall equipment, spares, etc. 

5.3*4«2 Hangar Concept 6 

This concept (Figure 5.3-5) uses EVA astronauts to erect the hangar walls 
around a deployable bass. When stowed in the orbiter, approximately 6,0 
meters of the payload bay is used. The stowed package consists of a 
deployable base or hub and cradle. The deployable base contains a docking 
interface for the Space Station, an astromast with a docking interface at its 
free end. deployable "umbrella type" riba, and a hub structure. The cradle 
contains 40 separate panels which form the main structure of the hangar, a 
docking mechanism to interface with the astromast, a mechanism to dispense the 
panels as required during the hangar erection, and work stations/ foot 
restraints, etc. , suitable for EVA astronauts. 

The deployment sequence is as follows: 

o Remove the two units from the orbiter using the RMS (the two units are 
coupled together by the astromast and temporary fasteners) 

o Attach the hub end of the hangar to the Space Station. 

o Automatically deploy the umbrella ribs. 
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• HAIO 5TKUCTUM, NO INR>TA|LES 

• fVA CONSTHXTION 



40 PANELS 



-o EVA astronauts begin to remove panels from the cradle and form the 
hangar structure. The panels attach to the umbrella ribs to form the 
end vail of the hangar. The vail panels attach to the end vail and to 
each other. 


o The cradle rotates on the astromast and the astromast advances as 
required to enable the EVA astronauts to attach successive panels 

o The cradle is removed and returned to the orbiter (alternatively it 
may remain vith the Space Station and be used for logistics stowage). 


There are many methods vhich may be used for joining the panels together such 
as spring loaded "cliclc-in" joints, hand-held pover tools for tightening 
joints, over-center locks, or gang latches. 


5. 3. 4. 3 Hangar Concept 7 

This design (Figure 5.3-6) is a development of Concept 1. The difference is 
the incorporation of a double-fold system (instead of a single fold) to reduce 
the space occupied in the orbiter payload bay. In this version, the stowed 
length is reduced from 14.4 meters to 5.6 meters with a significant cost 
saving. The installation procedure is: 

o Use the RMS to remove the stowed package from the orbiter 
o Attach the hangar to the space station using the docking interface 
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o Deploy Che first fold in the same manner aa described for Concept 1 
o Deploy the second fold as shown in Figure 5.3-6 



Figure 5.3-6. OTV Hangar (Concept 7) 

The second fold is a aeries of telescoping sections of the main hangar wall. 
Extension of the telescoping sections can be accomplished by a aeries of stem 
actuators at each panel to provide a pushing action, or by the use of the 
astromast (with a suitable attachment) to draw out the telescoping sections. 

It is recognized that the double folding of such a large volume poses 
formidable problems, and that much investigation remains to be done before 
such a system could be rated aa reasonably feasible. 

5.4 MAJOR DESIGN ISSUES 

The major design issues that have surfaced during this study applicable to 
habitats and OTV hangars are listed below. The issue of OTV hangar 
justification is dependent on what probability of no puncture is desired, and 
the relative costs of OTV replacement versus the cost of a hangar. 

Habitats 


o Means for installation of equipment in inflatable structures 

o Capability and frequency of repair of inflatable inner wall due to 
micrometeoroid puncture 
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o Rigidity of unpressurized inflatable structures 

o Inflatable materials suitability in space environment for 10 to 
20 years and compatibility with crew (non-flammability, non-toxic) 

o Provision of radiation shielding for crew protection 

o For hard metallic shells , the capability to sustain pressure- 
induced loads across deployable joints 

OTV Hangars 

o Requirements favoring the need for an OTV hangar have not been 
developed in Rockwell Space Station studies 

o Justification for the hangar as a meteoroid bumper is dependent 
on the extent of design conservatism desired by NASA. 

o Cost of OTV possible replacement vs. the cost of hangar develop- 
ment and launch 

o Rigidity of inflatable OTV hangars relative to crew EVA imposed 
loads 

5.5 POTENTIAL TECHNOLOGY DEVELOPMENT NEEDS 

The potential new technology development needs that have surfaced during the 
course of this study are shown below. Rockwell is aware, through much of the 
design information gratuitously furnished by Goodyear Aerospace Corporation, 
that some of these items have been addressed by Goodyear to various stages 
of completion but to different requirements (in general, for smaller volumes, 
reduced pressures, shorter lifetimes). The time devoted to this activity 
did not permit a screening of the applicability and status of these needs, 
but this should be done in future studies. 

o Habitats Utilizing Inflatables 

- Assurance of no serious propagation of meteoroid 
puncture hole size 

- Repair of pressure containing wall 

- Micrometeoroid puncture resistance 

- Material suitability to crew and 10 to 20 years exposure 
in space environment 

- Maintainence of structural rigidity despite loss of 
pressure 

o Habitats Using Metallic Structures 

- None applicable at this time 
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o OTV Hangars 

- For inflatables — maintenance of structural rigidity 
compatible with crew-induced foot loads, equipment 
attachment, space platform inertia loads 

- On-orbit foam in-place techniques 
5.6 CONCLUSIONS 

The following major conclusions pertinent to the use of deployable ’■•oiu.ueu aie 
evident from the foregoing discussions: 

o Application to habitats appears attractive — large useful 
volumes achievable. 

o Metallic structures (can be sealed) provide ample meteoroid 
radiation protection and equipment mounting surfaces, but 
are constrained by pressure loads/packaging requirements. 

o Metallic structures may require subsequent EVA for moment- 
carrying capability to withstand pressure. 

o Inflatables alone are not sufficient — hard structure required 
for mounting of consoles, orbiter and space station integra- 
tion, heat rejection. 

o Inflatables in conjunction with rigid core module provide 
variety of feasible large volume designs, provided: 

- Materials are suitable to crew safety/space environment 

- Foam micrometeoroid stopping power is comparable to existing 
data 

- Repair of puncture or use of meteoroid bumper is feasible 

- Additional 0.24 grms/cc^ for protection to crewman eyes 
is provided 

o Hangar requirements are ill-defined — OTV meteoroid protection 
alone is not sufficient justification. 

o Most attractive OTV hangar concept appears to be metallic 
deployable/erectable or inflatable with foam core (provided 
stiffness is adequate). 
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